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In this paper, existing theories of to support the relationship between bank 
stock return and interest rate will be introduced firstly.  Based on the sample of 
nine year daily bank stock return in the U.S stock market, the influence from the 
market stock index, short-term and long-term interest rate change are all 
examined. To get a comparable and more accurate result, ARCH and GARCH 
estimation methods are used to correct the volatility clustering in OLS 
estimation.  To get further research findings, the banks are classified based on 
the total asset. Both the market stock index and interest rate are found to have 
significant impact on the bank stock return. Note that the influence from 
interest rate differs in different situation, while the influence from the market 
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Chapter 1 Introduction 
1.1 Overview 
Chapter 1 attempts to provide basic information on this study, covering background 
information, purpose statement, methodology employed, and general introduction of the 
structure of this dissertation. 
1.2 Backgrounds 
The interest rate is regarded as the significant financial and economic factors that have impact 
on the value of the stock. This impact happens because of the duration gap exists between the 
liability and asset in the banking industry (Wright and Houpt, 1996). The interest rate is 
thought to influence the bank stock return for several reasons. Firstly, the interest rate is 
widely accepted to have a direct impact on the cost and revenues of the financial institution. 
Secondly, the random shock in the financial market is assumed to produce higher volatility 
due to the contagion effect (King and Wadhwani, 1990). Besides, the role bank plays as 
financial intermediaries could influence the sensitivity of their asset and liability to interest 
rate. The form of the interest rate risk to the bank could be yield curve risk, repricing risk or 
the optionality risk.  
The bank stock return and the interest rate are considered as two significant factors that reflect 
the economic growth of a country. Banking systems are emphasized when mentioning the 
economic growth. Walter Bagehot (1873) and Joseph Schumpeter (1912) highlight the role 
that banking system plays in economic growth. Also, Robert and Ross (1933) find bank 
system a good predetermination of long-term economic growth and productivity improvement 
empirically. On the other hand, the interest rate risk becomes more important due to its 
increasing volatility in the financial market. Since the investors who buy the stock will worry 
about the exposure to the risk, they prefer higher return as the compensation for the 
uncertainty investment environment. Knowing the relationship between them, investors could 
use the interest rate as the predictor of the change in stock return. 
In fact, the relationship between bank stock return and interest rate catch the attention of not 
only stock investors but also bank managers and scholars. There exist plenty of empirical 
 7 
 
studies that provide existence of the relationship. Most of the literature assumed a linear 
relationship between the bank stock return and interest rate and analyze it using two-factor 
models. Sweeny and Warga (1986) have proved the present of the sensitivity. Additionally, 
other studies further confirmed that the relationship between stock return and interest rate is 
negative.With the deeper study on this area, OLS estimator is found to be inefficient for it 
could not account for the volatility clustering in the time series data. The further studies on 
this issue use ARCH or GARCH model instead to correct for the volatility problem and try 
come up with a more reliable result.  
The knowledge of the bank stock return to the interest rate sensitivity could provide 
significant information for the interest rate risk management as the risk managers could react 
directly to the interest rate change and hedge against the risk. In addition, this information 
would also be useful for the individual investors, scholars and some regulatory authorities to 
improve their understanding on this area. 
 
This paper intends to investigate the relationship between bank stock return and interest rate 
of the bank stocks traded in the U.S stock market.  In order to get sufficient result from the 
study, the methodology would be carefully chosen and applied. First, the Ordinary Least 
Squares (OLS) Estimator will be used to test the relationship. Under this method, parameters 
used are assumed in a linear regression equation and be estimated by the method of ordinary 
least squares. After that, in order to correct for the volatility clustering in the time series data, 
both ARCH and GARCH model will be used to increase the efficiency and accuracy of the 
estimation result.  
Based on the research result previous researches, this paper aim to estimate the sensitivity of 
bank stock return to the interest rate and tries to draw the difference impact from interest rate 
on the banks that varying size. In detail, this research will estimate the existence of the 
relationship between interest rate and banks stock return, would it be negative or positive and 
does the interest rate sensitivity is the same between different size banks. 
The structure of this paper is organized as follow.  Firstly, some relevant theory and existing 
empirical result would be reviewed to provide background knowledge. Secondly, the 
methodology used and the data collected will be analyzed along with some examples. After 
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that, the estimation result achieved would be explained in detail. Moreover the findings from 
the result would be discussed and the conclusion of the study would be draw. 
 
Chapter 2  Literature Review 
2.1 Overview 
Chapter 2 shows a review of the existing literatures that concentrating on the relationship 
between bank stock return and interest rate. Firstly, some models that could be used to 
theoretically explain this relationship will be discussed, such as Intertemporal capital asset 
pricing model (ICAPM), Arbitrage Pricing Theory (APT), and Three-factor Model. A 
comparison among those theories will also be presented. The rest part of this chapter focuses 
on the empirical studies on the bank stock return sensitivity to the interest rate but employing 
different methodologies or come up with different result. The methodologies used and the 
study results will be discussed. Accordingly, the similarity of those studies and how they vary 
from each other will also be presented.  
2.2 The Relevant Models and Theories 
2.2.1 The CAPM and Intertemporal Capital Asset Pricing Model (ICAPM) 
Intertemporal Capital Asset Pricing Model was first introduced by Merton (1973) and it is 
regarded as the alternative to the Capitla asset Pricing Model (CAPM). Sharpe (1964) and 
Lintner (1965) suggested a way to interpret security return and systematic risk in CAPM.It is 
a linear model that tells the relationship between expected return required on a risky asset and 
the relevant risks. Since the investors require compensate of the risk they taken, CAPM 
provides guidance of what return would be expected under the given risk and help them to 
calculate the risk as well. 
Under the assumption of CAPM, the expected return of a portfolio or a risky security would 
be the sum of the riskfree rate and a risk premium of investing in this security. The formula of 
CAPM is expressed as follow: ሺH?ሻ ൌ H?൅ ȾH?൫ሺH?ሻȄH?൯                   (1) 
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Where (Ri) is the expected return on an asset, 
Rf    means the risk free rate, 
ȕL    LVWKHEHWDYDOXHRIWKHDVVHWL 
 E(Rm)  means the expected return of the capital market.  
The general idea behind CAPM is that the investors who hold the asset need compensation for 
risk and time value of money.  The time value of the money will compensate the investors 
for any investment portfolio over a period of time and is delivered by the risk free rate.  
CAPM is based on several assumptions under the perfect market. Firstly, it assume that the 
investors hold a diversified portfolio and only need the return for systematic risk since the 
unsystematic risk will be removed. Secondly, the holding period of the asset is assumed to be 
standardized ones for the purpose of comparing the returns of different assets. Thirdly, 
investors are thought that can lend and borrow at risk-free rate. Furthermore, CAPM assumes 
that there exists a perfect capital market. Under this assumption, taxes and transaction costs 
do not exist; all the investors would be risk averse, rationally make the investment decision 
and try to maximize the utility of their own; the comprehensive information will be available 
to all the investors for free; and there are plenty of buyers and sellers in the market. Under 
perfect market assumption, it means that all securities can be valued appropriate and the 
return of the security can be expressed on the security market line (SML) 
 
Figure 1 
It is clear that the security market line is a graphic explanation of the CAPM and expresses 
the relationship between the return and risk of a security. From figure1, it can be seen that the 
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y-axis stands for the expected return of the security and the x-axis is the risk (ȕ 7KH
intersection of the security market line is the risk-free rate and the slope of the SML 
determines the market premium E (Rm)-Rf. The security market line is useful for judging 
whether the security provides reasonable return for a given amount of risk. If the securities 
plot on the security market lines, they are considered to be priced correctly. The securities 
above the SML are undervalued because they yield a higher return than other security at same 
risk level. On the contrary, the securities under the SML are overvalued due to the lower 
return. 
Basically, the CAPM is widely used equilibrium model that provides a clear and strong 
relationship between return yield and risk.  Some previous studies also offered its 
explanatory power upon the variation in the expected return. Although providing powerful 
prediction of the risk and its relationship with expected security return, CAPM takes a few 
hits from some empirical studies (ACCA, 2008)  
Some argument on CAPM is about the sufficiency of beta (Jagannathan and Wang, 1996). 
Beta is used as a proxy of risk and judges the volatility of security in relation to the market.  
The market is defined to have a beta of 1.0. If the security has a beta over 1.0, it is considered 
to a higher ranking than the one with a beta less than 1.0. In other words, a higher beta means 
that the security moves more with the market than the lower one. Although investors can 
image a higher return by holding high-beta security, it also implies a high risk at the same 
time. Most evidence around beta found it insufficient to explain the expected return. 
Intuitively, beta provides a quantifiable measurement of risk that is comparable between 
different securities. The problem is that, based on the previous data, beta cannot include the 
new information that could simultaneously affect the expected return. Sometimes, the security 
that is risky and with high beta can be attributed to the lawsuit or labor dispute, these factors 
would be not applicable in future (Paul, 2011). As a result, the stock price will be undervalued 
in the form of earnings.  
With the researches continuing, the some studies mounted to focus on the size effect. Under 
the assumption of CAPM, the investors are thought to hold complete diversified portfolio.  
Nevertheless, Levy (1978) and Mayshar (1979) argued that it was misspecified since the 
small firm effect would impose limitation on investor diversification due to the trade barriers 
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like transaction cost.  So they pointed out that complete diversification that CAPM assumes 
would neither be a suitable measure of risk and nor an appropriate way to calculate 
risk-adjusted returns.With the research continues, the study conducted by Banz also 
TXHVWLRQHGWKHHIILFLHQF\RIWKH&$30DVZHOO%DQ]¶V7KHILndings showed that the 
return of small stock, as measured by market capitalization, exceeded what CAPM would 
expect. 
As emphasized by Fama and Frenceh(1996), beta and size were not enough to explain the 
limitation of  CAPM. Several studies during 1980s found additional factors to explain the 
average stock returns other than beta. Bhandari (1988) demonstrated a positive relationship 
between cross section return and leverage.  According to Rosenberg, Reid and Lanstein 
(1985), the average return are estimated to have a positive relation with the ratio of book 
value to the market equity (BE/ME) as well. These factors have explanatory power for the 
stock return that beta would not reflect, thus their relationship with stock return would not 
explained by CAPM.  
 
Regarding the drawbacks of single factor model CAPM, it seems that a multifactor version 
would provide more appropriate explanation of the expected return (Fama and Frenceh, 1996). 
One of the multifactor versions is the raised by Merton. Merton argued that single-period 
utility function would be invalid in determining an intertemporal maximizer if the investment 
opportunity set is not constant. So he suggests an intertemporal model for interpreting stock 
return. He explains the rationale behinds his opinion as the intertemporal nature would 
include some influence factors on the stock return that a static model could not reflect. The 
omitted influences on the stock return would make significant difference of the estimate result 
between the static model and intertemporal model, thus affect the decision made by the 
investors. Additionally, intertemporal model consider the relationship between the investment 
portfolio not only during present period but also in future times (Merton, 1973).  
0HUWRQ¶VSRLQWRQWKHLQterest rate relevance comes from the arguments on the constant 
investment opportunity set assumption.  In general, when the investment opportunity set 
keep constant over one period of time, it was the simplest asset pricing model. Merton 
disagreed with the assumption under the simplest model under which the interest rate is 
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thought to be estimated directly(Merton, 1973)  Only when the interest rate is sufficient to 
prove the changes in the opportunity set could the simplest model consistent with the 
observation. As a result, Merton suggested that interest rate would be a crucial explanatory in 
portfolio theory and asset pricing model. Additionally, since the shift of interest rate will 
cause the fluctuation in the investment opportunity set; interest rate risk should be regarded as 
an independent variable in the ICAPM as a market factor.  Consequently, the investors 
would like to call for the compensation of suffering from interest rate risk. 
 
 
2.2.2  The Arbitrage Pricing Theory (APT) 
The Arbitrage Pricing Theory (APT) is another multifactor model primarily introduced by 
Ross (1976). Ross pointed out that the return of the security would approximately have linear 
relationship to the return generating factor only if the arbitrage opportunities are not offered 
by the equilibrium price on a static asset portfolio. In other words, the Arbitrage Pricing 
Model has been set up under two assuptions: 1. linear relationship exists between the exact 
return and relevant factors 2. No arbitrage opportunities offered in the capital market.  
The APT formula assumes the asset return to be consistent with a factor model, in which the 
random return of the asset has a linear relationship with some market factors and 
asset-specific random variable. (Connor, 1992) 
So the return of a security can be expressed as the sum of expected return, factor returns and 
special errors of the security. The general formula of the APT could be written as follow; 
 H?ǡH?ൌ ൫H?ǡH?൯ ൅  ? ȾH?H?H?H?H? ൣ	H?ǡH?െ ൫	H?൯൧ ൅ ɂH?ǡH?             (2) 
 
In this formula, i is the target security.H?ǡH? determines the observed return of this security at 
time t, ൫H?ǡH?൯represents the expected value of the return.	H?ǡH?is the factor return from j at time 
t and ൣ	H?ǡH?െ ൫	H?൯൧tells the shifts of the factors which are unexpected. Accordingly, ȾH?H? 




Finally, ɂH?ǡH?  is the error term of the security at time t, and it is considered not correlated to 
the unanticipated changes of the influential factors.  If arbitrage opportunity does indeed not 
exist, just as assumed by Ross, the expected return can be expressed as following process: 
 ሺH?ሻ ൌ ȽH?൅  ? ȽH?H?H?H? ȾH?H?                                        (3) 
 
From the formula above, we can see that the expected return of the security is constituted of 
risk free rate and risk premium of that security. The risk free rate is displayed by ȽH? and risk 
premium is product of the market risk premium ȽH? and the sensitivity of security i to the 
factor j, which is expressed as ȾH?H?. 
If substitute expected return to the general APT formula, the security return could be 
reassociated as  
 H?ǡH?ൌ ȽH?൅  ? ሾሺȽH?െ ሺ	H?ሻH?H?H?H? ሿȾH?H?൅  ? ȾH?H?	 栋?H?H?H? ൅ ɂH?ǡH?            (4) 
 
Stone (1974) raised a model that including market return together with interest rate changes as 
influence factor of return. Inevitably, the above equation could be written as one that 
incorporating both market portfolio and interest rate shift (Stone, B., 1974)  
 H?ǡH?ൌ ȽH?൅ ሾȽH?െ ሺH?ሻሿȾH?ǡH?൅ ሾȽH?െ ሾሺሻሿȾH?ǡH?൅ ȾH?ǡH?H?ǡH?൅ ȾH?ǡH? ൅ ɂH?ǡH?  (5) 
 
In formula (5)ˈȽH? represents the risk premium associated with the market portfolio and ȽH?is 
that of interest rate. ሺH?ሻindicates the expected return of market portfolio and ሺሻ is the 
expected factor return from interest rate.  Moreover, H?ǡH? and H? indicate market portfolio 
return and interest rate return respectively. In order to testing whether the security returns are 
sensitivity to interest rate volatility and market portfolio return,  it is essential to have an 
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understanding of the significance of ȾH?ǡH? and ȾH?ǡH?, which measure the relevance and 
sensitivity of the stock return to each return generated factors separately.  
 
Based on this return generating framework, Stone suggested a two-factor APT formula for the 
security return as follow: 
 H?ǡH?ൌ ȽH?൅ ȾH?H?ǡH?൅ ȾH?H?ǡH?൅ ɂH?ǡH?              (6) 
 
whereȽH?ȾH? DUHVLPLODUWRĮDQGȕFRHIILFLHQWLQWKHPDUNHWPRGHO6RXQGHU6WRQH¶V
two-factor APT model, it is the bank stock return H?ǡH? influenced by both market and interest 
rate risk.  
 
Additionally, others raised a more flexible model that allows the interest rate sensitivity under 
the main concern (Drakos, 2001) 
 H?ǡH?ൌ  ? B?H?H?ǡH?H?H?H?H? ൅ Ʌ ?H?൅ ɂH?ǡH?                 (7) 
 
In that formula, H?ǡH?represents a set of variables that include past performance of the stock 
return and  ?H? is the long-term interest rate. Compared with previous constrained formula, 
this testing approach has much more attractive features. The main advantage is the ability to 
capture time-varying conditional volatilities. The previous testing model, although offers a 
robust statistical framework for estimation of the interest rate sensitivity, is too complex to 
compute and cannot capture time-varying volatility (ibid). 
 
 $SOHQW\RIHPSLULFDOILQGLQJVDERXWWKHEDQNVWRFNUHWXUQ¶VVHQVLWLYLW\WRLQterest rate change 
are in different results. Stone (1974) did not impose a restriction on the sign of ȾH?, but the 
nominal contracting hypothesis suggest it to be positive. Flannery and James (1984) 
concluded a same result with the hypothesis while the by French, Ruback and Schwert (1983) 
did not.  
 15 
 
2.2.3 The Fama and French Three Factor Model  
The general view on the future stock return suggested that it based on the feature of the stock 
itself like time to maturity or expected return, and the macroeconomic environment which 
includes risk premium and interest rate.  The changes from expected return of the stock, 
interest rate or risk premium are always considered as the main causes of the actual return of 
the stock.  Although relevant cash flow risk are always emphasized in many valuation model, 
Campbell and Ammer (1993) argued that only 15% of the stock return volatility could be 
attributed to the future dividend.  Additionally, they also demonstrated that interest rate 
influence to the stock return indeed exists but quiet a little, and the rest stock return variance  
With the researches continues, the market betas in CAPM or the consumption betas in 
ICAPM were found to be in little relation to the cross-section return of stock, especially in the 
U.S stock market (Fama and French,1993). Meanwhile, Fama and French found other 
variables which have explanatory power other than that in existing asset pricing models. 
Focusing on market beta, firm size, book-to-market equity, leverage and earning to price ratio, 
Fama and French (1993) determined that those variables are all have explanatory power to the 
cross-section stock return. Other newly considered variables are all determined to have 
reliable power over the cross-section of average stock return. Furthermore, they suggested 
that the explanatory power of leverage and earnings to price ratio would be involved in that of 
size and book-to-market equity.  
Based on the findings on the empirical study, Fama and French (1993) concluded that size and 
book-to-market equity should be regarded explanatory variables to explain the cross-section 
of average return in addition to the beta and previous observed variables. So they declared 
that the overall market factor, firm size related variables and book-to market equity factors 
would be three factors that influence the stock return. Accordingly, they also advised a three 
factor model that includes more stock return variables than previous asset pricing models.   
 




 Where: H?ǡH? presents the return of the stock i at time t. H?is the risk-free rate in the market. H?ǡH?is the return of the whole stock market. ȾH? indicates the sensitivity of the expected excess stock return to expected excess market 
return.  
SMB means the return on the portfolio of small equity class minus that of big equity class and 
represents the size factors. 
 HML stands for the return gap between the high-book-to-market equity portfolios and 
low-book-market equity portfolio. H?andH? are the coefficient of SMB and HML and obtained from linear regression. ɂH?ǡH?is the error term of the stock i at time t (Bundoo, 1993).  
,WLVFOHDUWKDW)DPDDQG)UHQFK¶VWKUHH-factor model is combined with both market factors 
involved in CAPM Model and other two new factors. In other words, this three-factors is an 
extension of CAPM. The size factor regulates one limitation of the CAPM, that is, the return 
of firm with small market capitalization would always exceed that of large ones (ibid). This 
size effect could be contributed to the lower liquidity and trading frequency of the small firms, 
which led to higher cost of holding the small firm stock. Meanwhile, the book- to-market 
equity effect indicates that investors holding stock with higher book value would assume 
higher return. It also explains that the high book value firms are always undervalued by the 
market, by holding which the investors would image a price rise.  
In conclude, the size and book-to-market value provides explanatory power to the 
cross-section average return of the stock and these would not capture by both CAPM by only 
using beta. 
As a result, in order to get a comprehensive view of the stock return, one should use an asset 
pricing model that combines market factor, interest rate risk, size effect and book value effect 
as a whole.  
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2.3The existing researches 
The relationship between bank stock return and interest rate exposure has been on the main 
concern by a plenty amount of literature for a long time.  The empirical studies have indeed 
found the relationship between bank stock return to the interest risk. The results of empirical 
studies can be concluded as follow. Since most of the studies concentrate on the banks stock 
return sensitivity to interest rate using different methodologies and focus on the market in 
different countries, they appeared to have different empirical results. Some of the studies 
SURYLGHHYLGHQFHRIEDQNVWRFNUHWXUQ¶VVHQVLWLYLW\WR WKHLQWHUHVWUDWHE\LQYHVWLJDWLQJVRPH
relevant financial indicators. Further studies have verified the relationship and confirm the 
significance of the relationship.  With the researches continues, long-run interest rate is 
found to be more reliable in estimate the bank stock return than the short-run interest rate. 
Moreover, later studies observed that the effect of the interest rate change would be limited 
with the absence of some relevant information. 
In 1981, Flannery employed a cash flow approach in US bank stock and found that the return 
is not influenced by the change of interest rate. He got the interest rate irrelevance result by 
showing the estimation result that costs and profits would be unaffected by interest rate 
variation.  His result was questioned by latter authors. Applying a two-model factors 
including the market factor and interest rate factors, Stone (1974) and Scott and Peterson 
(1986) were all discover the existence of interest rate sensitivity. Although their findings are 
not similar in relation to the magnitude and directions of the interest rate effects, they 
provides prior basis for latter researches. The following studies determined both sensitivity 
stock return to the change of interest rate and negative relationship between them.  
 
The bank stock return sensitivity to interest rate is originally found by testing the relationship 
between the maturity composition of bank asset and liability to the interest rate sensitivity.  
Flannery and James confirm the negative relationship between interest rate variation and 
VWRFNUHWXUQ7KH\SURYLGHHYLGHQFHWKDWWKHPL[RIEDQN¶VQRPLQDODVVHWDQGOLDELOLW\VKRXOG
be regarded as the key factor in explaining sensitivity of bank stock returns to interest rate 
variance (Flannery and James, 1984).  This approach sets up on the basis of nominal 
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hypothesis which assumes that nominal assets and liabilities would influence the stock return 
by inflation caused wealth rearrangement. Fama (1993) determined that the increase in the 
difference between maturity time of asset and liability will increase the sensitivity of stock 
return to interest rate as well. In other words, they are positive related to each other. Since 
EDQNV¶ DVVHWV DQG OLDELOLWLHV H[KLELW GLVFUHSDQF\ LQ WKHLU PDWXULW\ DQG LQ QRPLQDO WHUPV WKH
relationship between interest rate and stock return can also been testable in bank industry. 
 
The other approach used to estimate the sensitivity of bank stock return to interest rate pays 
attention to some bank-specific characteristics. By testing systematical relation of the interest 
rate risk to several financial variables like bank size, loans or the deposits on total assets, it 
tries to seize WKH NH\ IDFWRUV RI EDQN¶V LQLWLDO UDWH RI UHWXUQ ,55 6R LW LV FOHDU WKDW WKLV
approach are able to take some reliable maturity gap measures and ensure the accurate rate in 
estimating maturity mismatch hypothesis  
There exist some studies using this method. Some researchers constructed a comprehensive 
research focus on the US banking sectors. By investigating the bank-specific characteristic 
like the equity capital ratio and bank loans tˈhe research result displays a negative relationship 
between the them and the interest rate. Moreover, they found that the returns of the bank stock 
are higher for the ones gaining profit mostly from non-interest income; this finding also 
enhances their result. Drakos (2001) employed some financial indicators to estimate 
relationship of interest rate risk and bank stock returns in Greek banking sectors. According to 
his researches, more working capital (the difference between current asset and liabilities)ˈ
more loss generated from inflation caused wealth redistribution, thus the greater interest rate 
risk. So he regarded working capital as one determinant of interest rate sensitivity. 
 
The most following researches revealed that the interest rate and the bank stock return are 
negatively related. In 1981, Fama found a negative relationship between the expected 
inflation and anticipated real activity. He concluded that the stock market return should be 
negatively related to the expected inflation, which is often represented by short-term interest 
rate, since the anticipated real activity is positively correlated to the return on the stock market 
(Fama, E,1965).The other studies get the similar result as well. By investigating US bank 
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sector and Booth and Officer (1985), Flannery and James (1984) and Saunders and 
Yourougou (1990) were all provide a negative relationship between the bank stock return and 
nominal interest rate. With the researches continues, some studies argued that the negative 
relationship only exists under some certain circumstances. Booth and Officer (1985) found 
that the negative relationship exist on instruments with short-term maturity time. On the 
contrary, Madura and Zarruk (1995) indicated that the existence of the negative relationship 
between interest rate and bank stock return on long-term instruments. Moreover, Saunders 
and Yourougou (1990) confounded the issue by showing that the negative relationship 
through the maturity spectrum.  
 
Later studies on this area found the different results by using short-term interest rate and 
long-term interest rate. Long-term interest rate is considered to be more reliable and 
significant in explaining the bank stock return. In Lee (1997) paper on relationship between 
the short-term interest rate and stock return, it is found that the correlation is not stable over 
time. So whilst estimating sensitivity of interest rate to bank stock return, the application of 
short-term interest rate, may cause different results in estimation during different period of 
time.  The result may change from a negative and significantto no relationship, insignificant 
or even positive relationship. Lynge and Zumwalt (1980) found that bank stock return 
sensitivity to the interest rate depend on the term of the interest rate, in other words, 
short-term or long-term interest rate.. In 2004, Ran and Andrew applied a GARCH-M 
approach to estimate impact of the interest rate, foreign exchange rate and market risk in 
Australian banking sectors. By evaluating daily bank portfolio return on short, medium and 
long-term interest rate, foreign exchange index and market index in Australia from year 
1996-2001, they concluded that the longer the term of interest rate, the more sensitive of the 
bank stock return to it. Zhou (1996) also investigated the bank stock return sensitivity to the 
interest rate changes. Using regression analysis, he found out that the interest rate would 
significantly influence the bank stock return only on with the application of long horizons. 
Moreover, he also showed that large percentage price-dividend ratio variation could be 
described by the long-term interest rate.   Consequently, he suggested high variation in 
long-term interest rate would indicate high volatility of the stock market. Despite the research 
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on the efficiency of interest rate, others argued that the impact from interest rate would be 
ruined by some information in the market. Under the efficient market hypothesis; the stock 
price would reflect some relevant information which is known in the stock market. According 
to Fama (1993), some economic indicators like employment and inflation would lead to the 
bank adjustment to interest rate, so that this information would be absorbed in the stock price 
if the market is considered as semi-strong form efficient. 
Some studies indicate that the absence of such information may limit the effects of interest 
rate to some extent. Some researchers verified this by estimating the effect of the surprise rate 
change from such information. His researches result displays a crucial effect from the relevant 
information to bank stock return. He also showed the limitation of interest rate effect depends 
on  how much does the information involved in the interest rate are similar to that involved 
in other economic factors. Additionally, his research also provides the fact that markets 
depends on both interest rate and other economic indicators. 
Other studies suggested that the policy announcements are significant to the market, as it 
would be weighed in context of other economic factors which indicates the change of future 
interest rate. In 2003, some researchers found the interest rate volatility as a result of Reserve 
%DQN $XVWUDOLD¶V RSHQ FRPPXQLFDWLRQ SROLF\ 7KH\ EHOLHYHG WKDW WKH ILQDQFLDO PDUNHW LV
efficient in interpreting policy announcement and relevant economic data. One year later, cash 
rate exchange announcement were found to play a significant role in explaining the future 
interest rate by the following researchers as well. Another study concentrated on the Japanese 
banking sectors also uses a group of on-balance sheet financial characteristics. The conclusion 
of the research is 
All the empirical studies above imply that interest rate change would have no significant or 
direct impact on the bank stock return with the absence or the limitation of relevant 
information or surprise value.  However, when consider the information influence on the 
interest rate impact; one should make careful judgment, as the unexpected interest rate change 
to the monetary policy differs across the industry portfolio. For instance, it was found that the 
monetary policy only accounted for a small proportion of the stock return when using the data 
from the broader stock market.  
With the deeper studying in this issue, the methodology used is also improved. The former 
 21 
 
studies assume a linear relationship between interest rate and bank stock return. Thus the OLS 
estimation is widely used to determine the sensitivity of bank stock return to the interest rate 
change. The suitableness of OLS estimation is then questioned since this method could not 
account for the volatility clustering. As a result, the presence heteroskedasticity and 
autocorrelation would influence the efficiency and reliability of the estimation result. To 
correct for the volatility of thee error terms, ARCH and GARCH model are implored 
increasingly for the purpose of more accurate result. Joseph and Vezos (2006) found the bank 
stock return sensitivity to the interest rate by applying EGARCH model and conclude it fit 
better for the data compared with using OLS estimation. 
The other further researches focus on the influence from the interest rate on the different size 
of banks. Some studies found a positive relationship between bank size and interest rate 
changes. Younrougou (1990) found the stock price of the financial institution differs due to 
their sensitivity to the interest rate volatility. The interest rate volatility seems to explain large 
volatility of the large bank stock return. Large banks is considered to have large part of the 
operation overseas, the interest rate or the exchange rate would have more influence on  it 
stock change. Thus, the large bank expresses high sensitivity to the interest rate change. 
 
Chapter3   Data and Methodology 
3.1 Overview 
The main purpose of this chapter is to provide details of data and methodology applied in this 
dissertation. Firstly, the methods used to test the relationship between the interest rate and 
bank stock return will be discussed.  The research purpose will firstly be stated as a 
background for the quantitative methods used.  Afterwards, the methods will be discussed 
comprehensively with hypotheses, strengths and weakness. Then, it will introduce the 
collection of the data, including which one to be chosen, data processing procedure and along 
with some explanations.   
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3.3 Data description 
3.3.1 Time period 
This research uses a 9-year period daily bank stock price data from year 2002 to year 2010. 
The rationale behind the time period is expressed as follow. Firstly, for that time length, there 
exist 2247 available observations. The large amount sample size contains several benefits 
compared with smaller one. The main benefit of large sample size is the ability to increase the 
precision for estimating unknown parameters (Ingram, 1998). In addition, the large sample 
size has ability to reduce the influence from the special case thus represent the population 
EHWWHU 0F'DQLHO DQG 5RJHU¶V  Secondly, the period could ensure continuously listed 
banks on the stock exchange for that time length. Furthermore, sample size satisfies the 
requirement of some tests. For instance, the ARCH regressions need at least 300 observations 
to guarantee a valid estimation result (Ryan and Worthingto, 2004).  
 
3.3.2 Bank stock return specification 
The research sample consists of forty seven bank stocks traded on the New York Stock 
Exchange (NYSE). The average daily adjusted closed price of those stocks is collected to 
calculate the continuously compounded return daily. The continuously compounded data are 
more preferred than the discrete rate since this series of data are more likely to follow normal 
distribution. As a result, the errors or some outliers would be reduced thus results in a lower 
value. (Ryan and Worthington, 2004) The bank stock return can be expressed as: H?H?ൌ ሺ H?I?H?I?I?I?ሻ             (9) 
Where H?H? represents the continuing daily bank stock return is the natural logarithm H?is the adjusted stock price at time t  H?H?H?is the adjusted stock price at time t-1 
In order to get substantial and comprehensive information about the behavior of bank stock 
return, the data from an individual bank is not enough compared to a portfolio of returns. So 
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taking average forty seven bank stocks, the noise from transitory shocks in individual banks 
would be smooth out to some extent. Nevertheless, using data from different banks causes the 
variations that arise from different individuals to be masked (Elyasiani and Mansur, 1998) 
  To cover the shortage, different banks could be sorted into different size. The total asset of 
each bank will be the basis for the classification of size.  
3.3.3 Market stock return specification. 
,Q WKLV UHVHDUFK WKH 6WDQGDUG 	 3RRU¶V  XVXDOO\ UHSUHVHQWHG DV 6	3  SUR[LHV WKH
market stock return.  S&P 500 is a commonly used benchmark of the U.S. stock market that 
based on the 500 common stocks traded in the U.S. Compared to other stock indexes in U.S. 
market, the S&P 500 index includes a larger amount of stocks varying in size, liquidity and 
industry. Moreover, the index has been market value weighted, that is, the chosen stock value 
is measured as proportion to the whole market value. Additionally, to make the index 
comparable across different time period, the S&P 500 take considered the corporate actions 
like dividend and share issuance. By tracking large amount of stocks along with advanced 
value methods, the S&P 500 is considered as leading indicator of the stocks of U.S. According 
to Flannery and James (1984), it is necessary to keep consistent expression of all terms used 
to explain the dependent variables. The same opinion is also presented by other researchers 
like Song (1994) and Faff and Howard (1999).   Therefore, the market stock return should 
also be converted into continuous compounding to keep the consistency of the market.  
 
3.3.4 Interest rate specification 
The interest rates in this research are found in the U.S. Department of the Treasury. For 
short-term interest rate, the daily Treasury bill rates of thirteen weeks bank discount are used. 
It has also proxy for the risk-free rate in empirical studies. For the long-term rate, the daily 
Treasury long-term rate of more than 10 years is used. 
The figure 2 plot the behavior of each series of interest rate and Figure 3 shows the yield 





From the above figure, it can be seen that the long-term interest rate displays a smooth change 
during the research time period while the short-term rate fluctuates more widely during the 
same period of time. The behavior of both long-term interest rate and short-term rate are often 






















































































































































Figure 3 displays the yield spread from year 2002 to year 2010.  
Generally, a positive yield spread between long and short term interest rate could indicate 
increase in the economy activity. On the contrary, a negative one should be associated with 
the decline in the economy. The plot shows a negative yield spread from end of year 2006 to 
the middle of year 2007, which means that people could image a decline of the economy in 
the U.S. during this time period. In reality, at end of 2007, the U.S. entered into a great 
recession that last long. It was widely accepted that the recession was originally caused by the 
housing downturn happened in 2006. So the yield spread could reflect the economy changes 
in the reality thus could be regarded as a representative of the economy activities. Since most 
banks are known to hold the long-term Treasury bills, variation from long-term and 
short-term interest rate would have different impact on the bank stock return.  
3.3.5 The sample frequency  
In this research study, daily data excluding national holiday and bank holiday are used instead 
of monthly or weekly data. Although many empirical studies using monthly or weekly data, 
for instance, data have more comparable benefits.  
Firstly, the monthly or weekly data are thought to be a result of past phenomena and that is the 
reason why it is more available than the weekly and daily data (Brailsford, et al, 2000)  






































































































































































































decrease the periodicity of sample frequency thus provide less autoregressive conditional 
heteroscedasticity effect.  Moreover, the choice of daily data selection is also in accordance 
with some existing works.  For example, Brewer and Lee (1999) tested the banks stock 
return sensitivity to the interest rate return by using dail\GDWD  ,QDGGLWLRQLQ&KDPEHUODLQ¶V
HWDO¶VVWXG\RQWKHIRUHLJQH[FKDQJHUHWXUQGDLO\GDWDLVDOVRVSHFLILHG  
3.2 Methodology 
3.2.1 OLS estimator 
3.2.1.1 General introduction of OLS  
Many empirical researches applied Ordinary Least Square (OLS) estimator to test the 
relationship between the interest rate and bank stock return. 
Generally, the OLS regression is regarded as a generalized linear modeling method that could 
be applied to multiple independent variables (Hutcheson, 2011). Under the OLS regression, 
the relationship between a dependent variable and several independent variables could be 
expressed by a line of best-fit.  If the linear relationship is truly exists, the dependent 
variables Y could be described by independent variable X in a line equation.  If Y is only 
influenced by one independent variable, the line equation could be:  
< DE;«       
Where: is the value of the Y when X falls to zero.   is the regression coefficient that indicates the slope of the line.  
Equation10 is an example of the OLS regression Line with single explanatory variable. The 





Based on the previous researches, the bank stock return is considered to be influenced by the 
whole stock market return and the change of interest rate. So under OLS estimator, the 
relationship of bank stock return to the market stock return and change of interest rate is linear 
and could be expressed by the following model: H?H?ൌ Ƚ ൅ ȾH?H?H?൅ ȾH? ൅ ɂ    (11) 
Where H?H? represents the bank stock return H?H?is the market  stock return 
 I is the change of the interest rate  Ƚ is the value of intercept of the linear model when both H?H? and I take the value of   
zero. ȾH? andȾH?  are the coefficient of explanatory H?H? and I. ȾH?tells how the H?H? changes 
while the H?H? changes by one unit, keeping other variables constant. Similarly, ȾH? 
indicates the change of  H?H? with the one unit change of I, keeping others constant. 
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It is widely accepted that OLS regression is the main methods to estimates the data 
relationship and establish the basis for other methods. Nevertheless, it has very strict 
requirements. Under the assumption of Gauss-Markov, for any value of independent variable 
X, the error term should contain the listed properties. Firstly, the mean value of the 
disturbance should be equal to zero.  That isሾሺɂH?ȁH?ሻሿ ൌ  ?. The ɂH? represents the error 
terms of the observation i and the H? represents the corresponding dependent variables. 
Secondly, the variance of the error term should be constant.  That is: ሺH?ȁH?ሻ ൌ ɐH?.  In 
this equation, ɐH? means a constant variance value. In other words, the variance of H? should 
be same for each given value ofH?.  This is also known as the assumption of homoscedastic, 
which should be the property of a sequence of random variables. Additionally, the covariance 
between any two disturbances should be zero. It can be expressed as ൫H?ǡ H?൯ ൌ  ? for 
any ് . So knowing the error term of observation tells you nothing about the error term of 
any other observations. Moreover, the covariance between the independent variable and the 
error term should also be zero, thus, the majority variation of dependent variables could be 
explained by explanatory, but not the disturbance. That is: ሺH?ǡ H?ሻ ൌ  ?. 
Only if all the assumptions of Gauss-Markov are met, could the OLS estimator be linear and 
unbiased.  
 
3.2.1.2 The problems of using OLS 
If all the assumptions of Gauss-Markov are met, the OLS estimator is best linear and unbiased 
estimator (BLUE).  Consequently, if assumptions do not hold, the estimator could not be 
assumed to be BLUE and the result of the OLS regression will keep unbiased but inefficient 
(Hutcheson, 2011). That is, the OLS estimator  Ⱦ is still unbiased and linear, but it is not the 
minimum variance estimate anymore.  As a result, t-test and F-test are not valid since they 
test whether a difference between sample and population mean and whether the variable is 
significant (Blackwell, 2008) 
There are some main problems would happen when the Gauss-Markov assumptions do not 
meet. The first problem is called heteroskedasticity.  It happens when the variance of the 
error term keep change for different observations. So it can be expressed as: 
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ሺH?ȁH?ሻ ൌ ɐH?H?   (12)  
Where ɐH?H? means the changing variance for the different observations. So it is clear that 
heteroskedasticity is the absence of homoskedasticity. (Guermat and Hadri, 1999). 
The existence of the heteroskedasticity will cause inefficient OLS regression result and be 
under main concern of the application of OLS regression. When the error term of the 
regression is heteroskedasticity, the variance of estimated coefficient is biased. 
Under the homoscedasticity, the variance of  Ⱦ is   H?I? ? ሺH?I?H?H?ሻI?I?I?I?I? , but when the error term is 
heteroskedasticity, it becomes ? ሺH?I?H?H?ሻI?H?I?I?I?I?I?I?ሺ ? ሺH?I?H?H?ሻሻI?I?I?I?I? .  So the variance of coefficient may be below or 
above that of the population.  The error presence in the variance leads to the suspect 
inference from data.  It will cause a wrong result of hypothesis test. Both t test and F test are 
inefficient since the researchers may make a type II error, which means that they may accept 
the hypothesis even if it is actually false (ibid).  
Although the variance of the coefficients under the heteroskedasticity is biased, the regression 
is still able to provide an unbiased estimate for the relationship between the dependent 
variable and the explanatory. So it can be drawn that the consequence of using heteroskedastic 
data in OLS regression is inefficient but unbiased.  
Another problem under the main concern is the serial correlation or autocorrelation. Under the 
assumption Gauss-Markov, the covariance between any two different disturbances should be 
zero. While relaxing this assumption, the serial correlation happens.  It is always the 
problems when using time series data. Since this study focus on the daily bank stock return 
during nine years, the serial correlation may exist in the disturbance.  
It appears when the disturbance associated with a certain time period would influence future 
disturbance.  For instance, with the presence of autocorrelation, the overestimate of stock 
dividends in a certain year will cause overestimates in the following years if using OLS 
regression on time series data. The consequence of using OLS under the situation of 
correlation would be unbiased but still inefficient.  Under the positive autocorrelation, the 
standard error of parameters from OLS estimation will be under estimated. Consequently, the 
t-value would be biased upwards and the researches would reject the null hypothesis even if it 
should be not rejected.  Additionally, using OLS with autocorrelation will underestimate of 
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the variance of the error term and the R square is too large because the OLS line fits the 
observed cases more closely than the true regression line does. 
3.2.1.3 The detection for the problems 
Since research on the relationship between bank stock return and interest rate, the 
heteroskedasticity and autocorrelation could probably be imaged to exist in the data collected. 
In order to get more precise research result, it is necessary to test the presence of 
heteroskedasticity and autocorrelation.  
One of the detections of heteroskedasticity is named Breusch-Pagan test. The rationale behind 
is that it designed to assume heteroskedasticity is of the linear form of independent variables. 
It is a chi-square test by estimating the product of number of observation and R square from 
the regression on the initial squared residuals. 
The process of the Breusch-Pagan test is: 
1. Assume the heteroskedasticity is on the linear form of explanatory. ɐH?H?ൌ ɁH?൅ ɁH?H?H?൅ C? ൅ ɁH?H?H?  (13) 
2. The hypotheses are: H?ǣɁH?ൌ C? ൌ ɁH?ൌ  ?  ------ no heteroskedasticity  
                 H?ǣɁH?ൌ C? ൌ ɁH?്  ? ------ heteroskedasticity 
3ˊRun regression on the OLS residual square. 
 4.  Get R2 from the regression, multiplied by N and compare the product with critical value 
on the chi-square with k degree of freedom (K is the number of  
       N*R2~ ɖH?H? 
 5. If the N*R2 is larger than the critical value in chi-square with certain degree of freedom, 
we can reject the null hypothesis and conclude the existence of heterosckedasticity.  
The serial correlation could also be detected by statistic test. Durbin-Watson test is a widely 
used test for serial correlation.  It is based on the assumption that the disturbances from the 
original regression model are following the first-order autoregressive process, which means  ɂH?ൌ ɏɂH?H?H?൅ ɓH?     (14) 
Where ɂH?the disturbance at time t is ɂH?H?H? represents the disturbance at time t-1 and  ɓH? is a 
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random variable following the normal distribution.  If   ɏ   is equal to zero, serial 
correlation does not exist.   
The Durbin-Watson test is   
                              H?ǣɏ ൌ  ?  ---No serial correlation 
                              H?ǣɏ ്  ?  ---Serial correlation 
To test H0 against H2, the estimated residuals e««en will be calculated to form the 
Durbin-Watson test: 
          ൌ  ? ሺH?I?I?I?I?I? H?H?I?I?I?ሻI? ? H?I?I?I?I?I?I?  
We will get d value from the Durbin-Watson test. The calculated d value will be compared to 
upper and lower critical value and the decision rules are as follow:  
If d < dL or d > 4-dL, reject the null hypothesis and the serial correlation exists. 
If dL GGU or 4-dU G-dL, the test is inconclusive 
If dU<d<4-dU, we fail to reject the null hypothesis thus the autocorrelation does not exist.  
The test of heteroscedasticity and serial correlation would be applied using Stata, which is 
statistical software for data analysis.  
3.2.2 The ARCH model 
3.2.2.1 The necessity for a new model 
Since the existence of both heteroskedasticity and autocorrelation will lead to the unbiased 
but inefficient result by using OLS regression, the OLS regression test is not a perfect method 
to detect the relationship between bank stock return and change of interest rate. 
Drawing the lessons from the limitation of OLS regression and for the purpose of getting a 
more appropriate estimating result, an advanced method is required. Campbell, Lo, and 
Mackinlay (1997) suggested that using volatility measures that depended on the constant 
volatility assumption over one period of time is both statistically inefficient and logically 
inconsistent since the result tends to moving through time.  In recent years, econometricians 
are called upon to estimate and analysis not only the simple relationship between the 
dependent variable and several independent variables, but also the size and change of the 
errors of the model.  As a result, increasing development in financial econometrics advised 
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the necessity of the application of nonlinear time series structure to model the expected return 
(Anon, 20011)  
3.2.2.2 The remedy for heteroskedasticity and Autocorrelation 
The heteroskedasticity occurs when the variance of the error terms are not equal cross 
different period of time. The problems of applying OLS regression on heteroskedastic data is 
that the standard errors and confidence intervals would be too narrow to give an accurate 
sense of precision.  ARCH model is the one that tries to treat heteroskedasticity as variance 
to be modeled but not a problem to be corrected (Engle, 2001) Consequently, the ARCH 
model not only computes the prediction for the variance of the error terms, but also corrects 
the deficiencies of least squares (ibid). 
For autocorrelation, there exist various remedies.  The main problem caused by 
autocorrelation is that it would under estimate the standard error. As a result, the 
autocorrelation could be corrected to some extent by aggregating the data for a long time 
period, sampling differently, linear filtering of the data or using a model with weighted 
regression.    In the model with weighted regression, the time dependence terms are 
contained in the error structure. Such kind of model is known as an autoregression (AR) 
model and is a form of time series analysis.  ARCH model is such a model that takes 
weighted regression into consideration.  
3.2.2.3 The ARCH model 
The ARCH model is proposed by Engle (1982).Although there are some methods that 
considered for the mean return are used to forecast future return, ARCH model is the original 
one that available for the variance (Engle, 2003). In other words, it is an autoregressive 
conditional heteroskedasticity model that is able to capture stylized factors of the volatility 
performance in time series data. The stylized factors contains Non-Gaussian or heavy-tailed 
distribution and a volatility clustering, which is also an ARCH effect. By applying the ARCH 
model, the best weights used to predict the variance could be determined by the data. So it is 
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considered as the first formal models that could capture the changes in the variance (Bera and 
Higgins 1993).  
 
The ARCH process could be expressed as the distribution of the errors in a dynamic linear 
regression model.  The dependent variables can be generated by: 
           H?ൌ ȾH?H?൅ ȾH?H?൅ C? ൅ ȾH?H?൅ ɂH?    (15) 
Where: 
 the ȾH? is the regression parameters 
  H? is the exogenous variables 
  ɂH? is the error terms 
Since the variance of error terms are now considered to vary over time,   it could be treated 
asሺɂH?ሻ ൌ ɐH?H?.  According to Engle (1982), the main idea of ARCH is that the variance of 
disturbance at time t should depend on the squared value of disturbance in last time period, so 
this conditional error term variance should be modelled like: 
                             ɐH?H?ൌ ȽH?൅ ȽH?ɂH?H?H?H? ൅ C? ൅ ȽH?ɂH?H?H?H?   (16)  
 
The parameters ȽH? VKRXOGEHODUJHWKDQ]HURIRUL «TWRJXDUDQWHHWKHSRVLWLYHYDOXHRI
the conditional variance. The lagged terms ɂH?H?H?H?  IRUL ««TDUHWKH$5&+WHrms and this 
is considered as an autoregressive (AR) process.  In addition, the lag q also specifies the 
order of an ARCH model. If q is equal to one, the ARCH model is of order 1 and could be 
written as ARCH (1) model. Similarly, the model of order q can be written as ARCH (q) 
model.   
The conditional disturbance variance ɐH?H? is conditional on the information from prior period, 
and can be also expressed as 
          ɐH?H?ൌ ሺɂH?ȁɂH?H?H?ǡ ǥ Ǥ Ǥ ɂH?H?H?ሻ ൌ ൫ɂH?H?หɂH?H?H?ǡ ǥ ǡ ɂH?H?H?൯ ൌ H?H?H?ሺɂH?H?ሻ   (17) 
In this equation, H?H?H? contains all the information up to the end of t-1 period.  Consequently, 
ARCH terms can be regarded as the news of shock from earlier time. If the disturbance is 
defined as:  
                                 ɂH?ൌ H?ඥɐH?H?   (18)  
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, the conditional variance ɐH?H? could be obtained successfully.  In this equation,  H? is 
normally distributed with zero mean and one variance and    ɐH?H?  is the conditional 
disturbance variance. So it is clear that the error term  ɂH? is conditionally normal with mean 
of zero and variance equal to ɐH?H?.                                                              
Thus, the ARCH model can be expressed as: H?ൌ ȾH?H?൅ ȾH?H?൅ C? ൅ ȾH?H?൅ ɂH?    (19) ɂH? ?ሺ ?ǡ ɐH?H?ሻ 
Where ɐH?H?ൌ ȽH?൅ ȽH?ɂH?H?H?H? ൅ C? ൅ ȽH?ɂH?H?H?H?   (20) 
 
The simplest ARCH model is an ARCH (1)  Model, in which the variance of the disturbance 
at time t  only based on the error term at time t-1, thus the conditional disturbance variance 
follows an ARCH(1) process:  ɐH?H?ൌ ȽH?൅ ȽH?ɂH?H?H?H?        (21)  
Applying ARCH (q) Model in testing the relationship between interest rate and bank stock 
return, the  model could be presented as: H?H?ൌ Ƚ ൅ ȾH?H?H?൅ ȾH? ൅ ɂH?     (22)  ɂH? ?ሺ ?ǡ ɐH?H?ሻ 
Where ɐH?H?ൌ ȽH?൅ ȽH?ɂH?H?H?H? ൅ C? ൅ ȽH?ɂH?H?H?H?       (23) 
 
3.2.2.4 The test of ARCH effect 
 Before applying the ARCH model, one should check whether the ARCH effect exist in the 
error terms of the model. The Lagrange Multilplier (LM) test is proposed for estimating 
ARCH effect.  
If the error terms contain ARCH effect, we can assume that the errors are ARCH (q), which 
means that the square of error terms at time t depends on that of previous ones that lasts for a 
q time length.  
To test for the ARCH (q) effect of error terms, it should first run the OLS regression on the 
 35 
 
dependent variance on the independent variance and get the estimated error terms from it. 
Then run the regression on the estimated error terms of the following equation:  ɂH?H?ൌ ȽH?ɂH?H?H?H? ൅ ȽH?ɂH?H?H?H? ൅ C? ൅ ȽH?ɂH?H?H?H? ൅ ɔH?       (24)  
Where: 
 ɂH? is the estimated error term from OLS regression 
 ɔH? is the a white noise process. 
The LM test set the null hypothesis that ȽH?= ȽH? « ȽH?=0, which means there is no ARCH 
effect. After that, R2 will be calculated from this equation. It will be multiplied by the number 
or observations T and compare with the critical value of chi-square with q degree of freedom. 
That is: 
              B? H? ?ɖH?H? 
If it is larger than the critical value, the null hypothesis will be reject and it can be concluded 
that ARCH (q) effect exist (Silvey 1959) 
3.2.2.5   The benefit of ARCH model 
From ARCH regression model, it could be drawn that the conditional error term variance at 
time t  ɂH? is conditional on the lagged error terms  ɂH?H?H? , whose values are already realized.  
As a result, it is clear that the large errors are more likely to be followed by the large error and 
the small errors tend to be followed by small errors.  The lag q explains the length of time 
for which a shock would be lasts in the change of the errors. If q is large, it means that the 
shock will persist for a long time period and variance of the error would follow that trend for 
long as well (Bera and Higgins, 1993). Bera and Higgins (1993) mentioned the efficiency of 
the ARCH model for several reasons. Based on the ARCH model process, it is easy to find 
that ARCH model not only account for the clustered errors but also focus on the nonlinearities 
which is a common relationship between two or more variables. So it resolves the problems in 




3.2.3 The GARCH  
Although ARCH model is able to capture the changes in the variance, it unable to capture all 
observed phenomena. For instance, the leverage effect or the high degree of nonlinearity 
could not be found by using ARCH model. Moreover, it is difficult to test the models with 
large amount of parameters. It was turn out that the higher order of ARCH models are 
difficulty to test because they are turned out to produce negative estimates of coefficient. 
Generalized ARCH (GARCH) model is the one that accounts for those limitations (Bollerslev, 
1986).  
Generally, by adding a moving average process, the GARCH model transfer the 
autocorrelation (AR) process of ARCH model to an Autoregressive moving-average (ARMA) 
process. It means that the conditional disturbance variance in GARCH model is not only 
depends on the previous shocks but also on its past values. So the conditional disturbance 
variance in GARCH model can be expressed as: ɐH?H?ൌ ȽH?൅ ȽH?ɂH?H?H?H? ൅ C? ൅ ȽH?ɂH?H?H?H? ൅ ɀH?ɐH?H?H?H? ൅ ɀH?ɐH?H?H?H? ൅ C? ൅ ɀH?ɐH?H?H?H?     (25) 
Where: 
 ɐH?H?H?H?  is the past value of conditional disturbance variance 
  ɀH? is the coefficient of past conditional disturbance variance 
  p indicates the order of GARCH.  
  The other items are just the same as that in ARCH model.  
So the GARCH model could be given as  
          H?ൌ ȾH?H?൅ ȾH?H?൅ C? ൅ ȾH?H?൅ ɂH?     (26) ɂH? ?ሺ ?ǡ ɐH?H?ሻ 
Where  ɐH?H?ൌ ȽH?൅ ȽH?ɂH?H?H?H? ൅ C? ൅ ȽH?ɂH?H?H?H? ൅ ɀH?ɐH?H?H?H? ൅ ɀH?ɐH?H?H?H? ൅ C? ൅ ɀH?ɐH?H?H?H?      (27) 
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In this model, the error term ɂH? is thought to be normally distributed with zero mean and 
conditional variance ɐH?H?.Since p is the order of GARCH and q is the order of the ARCH 
process, this model is also named GARCH (p,q) model (Floros, 2008).  In general, a 
GARCH (1,1) model is sufficient. It is the simplest but the most robust volatility model 
(Engle, 2001). 
  
The GARCH(1,1) is given as:  H?ൌ ȾH?H?൅ ȾH?H?൅ C? ൅ ȾH?H?൅ ɂH?     (28)   ɂH? ?ሺ ?ǡ ɐH?H?ሻ 
Where  ɐH?H?ൌ ȽH?൅ ȽH?ɂH?H?H?H? ൅ ɀH?ɐH?H?H?H?     (29)  
The GARCH (1, 1) model will be used in researching the relationship between the bank stock 
return and interest rate as an improvement of ARCH model, so the collected data could be 
estimated by the following equation: H?H?ൌ Ƚ ൅ ȾH?H?H?൅ ȾH? ൅ ɂH?  (30)   ɂH? ?ሺ ?ǡ ɐH?H?ሻ 
Where  ɐH?H?ൌ ȽH?൅ ȽH?ɂH?H?H?H? ൅ ɀH?ɐH?H?H?H?  (31) 
 
Chapter 4 Result analysis 
4.1 Overview 
 This chapter aims to presents the data analysis and the result from using previous methods. 
Firstly, a descriptive statistics of the selected data will be offered. Then, the OLS regression, 
ARCH model test and GARCH model test introduced in the previous chapters will be carried 
out for the estimation purpose.  The statistic result from OLS regression, ARCH model test 
and GARCH model test will be showed separately along with explanation and result analysis. 
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Additionally, the banks will be classified into three groups based on the total asset ranking at 
the end of year 2010 of each bank. The varying effects from interest rate on different size of 
bank will be discussed along with the statistic result.  
4.2 The descriptive statistics of the variables 
 In the first, the general descriptive statistics of dependent variables and independent 
variables, for instance mean, variance or minimum and maximum data are given in the 
following table.  
Figure 5 
In this table, bsr refers to the banks stock return, msr means the market stock return, st and lt 
indicate the short-term and long-term interest rate change respectively.  
From the table above, some general information of the variables can be found. Since the data 
observed are collected for 47 bank stocks during 9 years, it can be considered to contain 
comprehensive information.  Firstly, it could found that both the minimum and maximum 
values the short-term interest rate change are far from its mean compared with long-term 
interest rate change and the range of the short-term interest rate change is wide. It may 
indicate that the short-term interest rate change varies with wider range than the long term 
ones. Skewness and kurtosis are measures of normal distribution. The skewness is a way to 
test the symmetry (Corner, 1997) The skewness of both independent variables and dependent 
                                                  
     max    .2928829  .1042356  2.036882  .0624176
     min    -.328534 -.0946951 -3.332205 -.1013178
   range    .6214169  .1989307  5.369087  .1637354
     sum   -.3483839  .0966737 -2.433614 -.3675339
       N        2247      2247      2247      2247
kurtosis    41.32962  11.73433  160.9038  6.040642
skewness   -.4520526 -.2033416 -2.343225 -.0534439
variance    .0005184  .0001921  .0228098  .0001991
      sd    .0227676  .0138582  .1510291  .0141091
     p50    .0004948  .0006993         0         0
se(mean)    .0004803  .0002924  .0031861  .0002976
    mean    -.000155   .000043 -.0010831 -.0001636
                                                  
   stats         bsr       msr        st        lt
. tabstat bsr msr  st lt,s(mean semean median sd var skew k count sum range min max)
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variable are negative, which means they are skewed left. In other words, they have longer left 
tail. A normal distributed series of data should have the kurtosis value of zero. Since the 
kurtosis of short-term interest rate change is much larger than that of long-term, it indicates 
that the short-term interest rate change has a sharp peak while the long-term one has a flat 
peak. Another explanatory variable, the market stock return, change fluctuate with lower 
variance, skewed less and have flat peak. From the descriptive data, the change of short-term 
interest rate displays several different statistic characteristic compared to the long-term rate, 
and it would probably have different impact on the bank stock return. 
4.3 The OLS regression  
Figure 6 Short-term Interest rate regression result 
The Figure 7 indicate a linear relationship between the bank stock return and two independent 
variables, market stock return and short-term rate change. The F (2, 2244) is a F-statistic with 
degree freedom of 2 and 2244. Under F-test, the coefficients of all the explanatory variables 
are assumed to be zero, which means that there exists no linear relationship.  Prob>F 
represents the p-value with the F-statistic and it is used to test whether all the coefficient are 
zero. Since value of p is zero, it could be concluded that the hypothesis should be rejected as 
at least one non-zero coefficient exists. Additionally, the P>|t| is the t test used to estimate the 
null hypothesis that the individual coefficient is zero.  The zero P>|t| for both market stock 
return and short-term rate change means that the coefficient are significantly different from 0. 
                                                                              
       _cons    -.0001966   .0003343    -0.59   0.557    -.0008522    .0004591
          st     .0079565   .0022336     3.56   0.000     .0035764    .0123366
         msr     1.165492   .0243419    47.88   0.000     1.117757    1.213227
                                                                              
         bsr        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              
       Total    1.16424523  2246  .000518364           Root MSE      =  .01585
                                                       Adj R-squared =  0.5155
    Residual     .56360662  2244  .000251162           R-squared     =  0.5159
       Model    .600638614     2  .300319307           Prob > F      =  0.0000
                                                       F(  2,  2244) = 1195.72
      Source         SS       df       MS              Number of obs =    2247
. reg bsr msr st
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Meanwhile, the standard errors associated with the coefficient of market stock return and 
interest rate is very low. Moreover, the R squared indicates that about 55.99 percentage of the 
bank stock return could be explained by the market stock return and interest rate change.  In 
sum, the linear relationship between market stock return, short-term interest rate and bank 
stock return exists; both of the independent variables can significantly explain the change of 
the dependent variables and the model as a whole could express more than fifty percent 
change of the dependent variables.  
Depending on the regression result and the model of OLS regression, the relationship between 
bank stock return and the relevant variables could be expressed as: H?H?ൌ െ ?Ǥ ? ? ? ? ? ?൅  ?Ǥ ? ? ? ? ? ?H?H?൅  ?Ǥ ? ? ? ? ? ? 
In specific, the return of the bank stock will be -0.001966 if the market stock return and 
short-term rate change take value of zero.  The coefficient of H?H? means when the market 
stock return increase by one unit, the bank stock return will increase by 1.166592 
correspondingly while keep other things constant.  Similarly, the one unit increase in the 
short rate change would increase bank stock return by 0.00975 ceteris, paribus.  
Similarly, the result of OLS regression with long-term rate change could be get as follow: 
Figure 7 The regression result of long-term rate 
The regression result with long-term rate still shows a significant explanatory power of both 
individual variables and the whole model. Firstly, Prob>F=0 indicates a significant 
explanatory power of the individual variables. Then, the zero P>|t| value of market stock 
return and low P>|t| of long-term rate change shows that they could separately explain the 
change of bank stock return significantly. Additionally, the R square demonstrates a 51.47% 
of the banks stock change could be explained by the model. 
       _cons     -.000194   .0003348    -0.58   0.562    -.0008505    .0004625
          lt     .0657378   .0250504     2.62   0.009     .0166135    .1148621
         msr     1.155471   .0255038    45.31   0.000     1.105458    1.205485
                                                                              
         bsr        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              
       Total    1.16424523  2246  .000518364           Root MSE      =  .01587
                                                       Adj R-squared =  0.5142
    Residual    .565059583  2244  .000251809           R-squared     =  0.5147
       Model     .59918565     2  .299592825           Prob > F      =  0.0000
                                                       F(  2,  2244) = 1189.76
      Source         SS       df       MS              Number of obs =    2247
. reg  bsr msr lt
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From the OLS regression result, it could be draw that the bank stock return is significantly 
affected by interest rate change and market stock return. It seems that short-term rate change 
and long-term rate change have similar impact on the bank stock return. They are both 
positively influence the bank stock return and both of them have significant explanatory.  
4.3 Test of the problem of OLS regression 
Since the collected research data are time series data, the presence of heteroskedasticity and 
autocorrelation would cause the influence the efficiency of the OLS regression thus affect the 
accuracy of the research result.  So the test of the heteroskedasticity and autocorrelation is 
necessary when dealing with time series data.  
Firstly, the heteroskedasticity will be test by Breusch-Pagan test. 
Figure 8   Breusch-Pagan test for short-term rate 
Figure 9 Breusch-Pagan tests for long-term rate 
From Figure 8, the p-value of Breusch-Pagan test for both the model with short-term rate and 
long-term rate is zero,  the null hypothesis that the variance is constant can be rejected. As a 
result, the heteroskedasticity truly exist in the models. 
Besides, the autocorrelation is another problem of time series data that under the main 
concern. Using Durbin-Watson test, the result of is displayed in following figure: 
         Prob > chi2  =   0.0000
         chi2(1)      =   146.19
         Variables: fitted values of bsr
         Ho: Constant variance
Breusch-Pagan / Cook-Weisberg test for heteroskedasticity 
. hettest
         Prob > chi2  =   0.0000
         chi2(1)      =   125.84
         Variables: fitted values of bsr
         Ho: Constant variance




Figure 9 Durbin- Watson-test for hort-term  
Figure 10 Durbin- Watson-test for long-term  
The test result should be compared to the critical value of Durbin-Watson test.  The critical 
value of Durbin-Watson test is with 2000 observations and 3 number of parameters (including 
intercept) is 1.90629 for lower value and 1.94688 for upper value at 5% significant level. 
Since the result for the model using short-term rate change 2.500697 is larger than 4-dU, 
which is equal to 2.05312, the null hypothesis that no autocorrelation should be rejected. 
Similarly, the 2.495484 from the model with long-term interest rate change is also larger than 
4-dU, it should also be concluded that the autocorrelation exists.  
 
Figure 11 Partial Autocorrelation of error for short-term model 
Durbin-Watson d-statistic(  3,  2247) =  2.500697
. dwstat
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Figure 12 Partial Autocorrelation of error for long-term model 
 
The above two figures shows the autocorrelation of errors.The grey area in the graph means 
the 95% confidence interval and the line with a dot on the top is the partial autocorrelation of 
the error. Since most of the dot of the first twenty lags in these two models exceed the 
confidence interval, these two figures clearly show that the autocorrelation truly exist for the 
model with long-term rate and short-term rate.  
  
By applying Breusch-Pangon test and Durbin-Watson test, both heteroskedasticity and 
autocorrelation are determined in the collected data. So although the OLS method provides an 
unbiased result, it is not efficient. To get an more accurate result and correct for the problem 
caused by heteroskedasticity and autocorrelation, ARCH model would be used for the next 
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4.4 ARCH model 
4.4.1 Lagrange Multilplier (LM) tests for ARCH effect.  
The Figure 13 describes the result of LM test.  
Figure 13 LM test for short-term model 
Figure 14 LM test for long-term model 
The two models are tested from ARCH (1) effect to ARCH (20) effect. Because the p values 
         H0: no ARCH effects      vs.  H1: ARCH(p) disturbance
                                                                           
      20              918.096              20                   0.0000
      19              918.482              19                   0.0000
      18              918.841              18                   0.0000
      17              919.171              17                   0.0000
      16              919.255              16                   0.0000
      15              919.299              15                   0.0000
      14              919.056              14                   0.0000
      13              918.647              13                   0.0000
      12              917.624              12                   0.0000
      11              916.326              11                   0.0000
      10              914.007              10                   0.0000
       9              910.812               9                   0.0000
       8              905.876               8                   0.0000
       7              899.418               7                   0.0000
       6              888.461               6                   0.0000
       5              872.406               5                   0.0000
       4              845.340               4                   0.0000
       3              801.983               3                   0.0000
       2              720.021               2                   0.0000
       1              547.890               1                   0.0000
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
LM test for autoregressive conditional heteroskedasticity (ARCH)
. archlm, lags (1/20)
         H0: no ARCH effects      vs.  H1: ARCH(p) disturbance
                                                                           
      20              909.998              20                   0.0000
      19              910.399              19                   0.0000
      18              910.784              18                   0.0000
      17              911.149              17                   0.0000
      16              911.314              16                   0.0000
      15              911.451              15                   0.0000
      14              911.347              14                   0.0000
      13              911.118              13                   0.0000
      12              910.336              12                   0.0000
      11              909.308              11                   0.0000
      10              907.346              10                   0.0000
       9              904.567               9                   0.0000
       8              900.170               8                   0.0000
       7              894.413               7                   0.0000
       6              884.311               6                   0.0000
       5              868.963               5                   0.0000
       4              842.652               4                   0.0000
       3              799.747               3                   0.0000
       2              718.505               2                   0.0000
       1              546.935               1                   0.0000
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           




of each ARCH effect test are all zero, the null hypothesis that the coefficient in the lagged 
term is equal to zero can be rejected and the error term display strong ARCH effect. The error 
terms at time t highly depend on the twenty previous ones. As the presence of ARCH effect is 
determined, ARCH model would be appropriate to test the relationship. 
4.4.2 The Dicky-Fuller test 
To avoid the spurious result, Dicky-Fuller test is necessary before applying the ARCH model. 
The Dicky-Fuller test is commonly used to estimate for the stationary. A set of time series data 
is considered to be stationary if its mean, variance and autocorrelation structure will not 
change over time (Patterson, 2000).  While using non-stationary time series data in the 
model, it would lead to the spurious and biased result. Market stock return and interest rate 
change are both time series data that assumed to have impact on the bank stock return, if they 
were non-stationary, the result would be poor understanding and forecasting. The null 
hypothesis of the model is that the series has a unit root, which means the series is 
non-stationary.  
Figure 15 DF- tests for market stock return 
 
Figure 16 DF-test for short-term rate changes 
MacKinnon approximate p-value for Z(t) = 0.0000
                                                                              
 Z(t)            -53.763            -3.430            -2.860            -2.570
                                                                              
               Statistic           Value             Value             Value
                  Test         1% Critical       5% Critical      10% Critical
                                          Interpolated Dickey-Fuller          
Dickey-Fuller test for unit root                   Number of obs   =      2246
. dfuller  msr
MacKinnon approximate p-value for Z(t) = 0.0000
                                                                              
 Z(t)            -52.123            -3.430            -2.860            -2.570
                                                                              
               Statistic           Value             Value             Value
                  Test         1% Critical       5% Critical      10% Critical
                                          Interpolated Dickey-Fuller          
Dickey-Fuller test for unit root                   Number of obs   =      2246
. dfuller  st
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Figure 17 DF-test for long-term rate changes 
The decision rules of Dicky-Fuller test is that if the absolute value of the result is large than 
that of critical value, the null hypothesis could be safely rejected and the times series data is 
said to be stationary.  
The Figure 17 displays the unit root test result of market stock return. Since 53,763 is much 
larger than 3.43, 2.86 and 1.57, the null hypothesis is rejected and it can be concluded that the 
data set market stock return is stationary at 1%, 5% and 10% significant level. Also, the result 
for short-term rate change and long-term rate change are all large than the critical value at 
three significant level and appear to be stationary. 
4.4.3 The information criterion 
Before running ARCH test, the number of lags of ARCH terms should be defined, since it 
determines the order of ARCH model.  The fewer lags will result in the absence of relevant 
information while the redundant  number of the lags increases the errors as well. The 
LQIRUPDWLRQFULWHULRQPHWKRGFDQEHDSSOLHGWRFRPHXSZLWKWKHQXPEHURIWKHODJV$NDLNH¶V
information criterion (AIC) and Schwarz's Bayesian information criterion (SBIC) and Hannan 
and Quinn information criterion (HQIC) are the three methods that commonly used. The 
decision rule of the order selection is that the lowest result information criterion determines 
the best amount of the lags. The result could be come up by using Stata: 
MacKinnon approximate p-value for Z(t) = 0.0000
                                                                              
 Z(t)            -47.982            -3.430            -2.860            -2.570
                                                                              
               Statistic           Value             Value             Value
                  Test         1% Critical       5% Critical      10% Critical
                                          Interpolated Dickey-Fuller          




Figure 18 Selection-order criteria for short-term rate 
Figure 19 Selection-order criteria for long-term rate 
Since the three methods suggest different number of lags for both model with short-term rate 
change and long-term rate change, the more accurate one should be used. Since AIC is 
regarded to be more appropriate for the monthly data while the other two methods are more 
accurate for quarterly data, considering the daily data used in this research, the result 
suggested by AIC should be used (Lvanov and Kilian, 2001). So the lag number for the model 
with short-term rate is 8 and that for the model with long-term rate is 2. 
4.4.4 The ARCH test result  
The result of ARCH (8) model with short-term interest rate change and ARCH (2) model with 
    Exogenous:  _cons
   Endogenous:  bsr msr st
                                                                               
    10    13919.6  15.588    9  0.076  8.6e-10  -12.3617   -12.275  -12.1242   
     9    13911.8  13.942    9  0.124  8.6e-10  -12.3628  -12.2845  -12.1483   
     8    13904.8  32.515*   9  0.000  8.6e-10* -12.3646* -12.2947  -12.1731   
     7    13888.5  14.918    9  0.093  8.6e-10  -12.3581  -12.2966  -12.1895   
     6    13881.1  19.039    9  0.025  8.6e-10  -12.3595  -12.3063  -12.2139   
     5    13871.6  18.466    9  0.030  8.6e-10   -12.359  -12.3143  -12.2364   
     4    13862.3  17.625    9  0.040  8.6e-10  -12.3588  -12.3224  -12.2592   
     3    13853.5  147.05    9  0.000  8.6e-10   -12.359   -12.331* -12.2824*  
     2      13780  207.39    9  0.000  9.1e-10  -12.3013  -12.2817  -12.2477   
     1    13676.3  234.52    9  0.000  9.9e-10  -12.2166  -12.2054   -12.186   
     0      13559                      1.1e-09  -12.1198   -12.117  -12.1122   
                                                                               
   lag      LL      LR      df    p      FPE       AIC      HQIC      SBIC     
                                                                               
   Sample:  11 - 2247                           Number of obs      =      2237
   Selection-order criteria
. varsoc  bsr msr st, maxlag(10)
    Exogenous:  _cons
   Endogenous:  bsr msr lt
                                                                               
    10    19154.8  4.4265    9  0.881  8.0e-12  -17.0423  -16.9555  -16.8048   
     9    19152.6   15.34    9  0.082  7.9e-12  -17.0483    -16.97  -16.8338   
     8    19144.9  27.109*   9  0.001  7.9e-12  -17.0495  -16.9796   -16.858   
     7    19131.3  17.308    9  0.044  7.9e-12  -17.0454  -16.9839  -16.8769   
     6    19122.7  23.547    9  0.005  7.9e-12  -17.0458  -16.9926  -16.9002   
     5    19110.9  16.307    9  0.061  8.0e-12  -17.0433  -16.9985  -16.9207   
     4    19102.8  6.5754    9  0.681  8.0e-12   -17.044  -17.0077  -16.9444   
     3    19099.5    11.6    9  0.237  7.9e-12  -17.0491  -17.0212  -16.9725   
     2    19093.7  34.926    9  0.000  7.9e-12*  -17.052* -17.0324  -16.9984   
     1    19076.2  225.54    9  0.000  7.9e-12  -17.0444  -17.0332* -17.0138*  
     0    18963.4                      8.7e-12  -16.9517  -16.9489   -16.944   
                                                                               
   lag      LL      LR      df    p      FPE       AIC      HQIC      SBIC     
                                                                               
   Sample:  11 - 2247                           Number of obs      =      2237
   Selection-order criteria
. varsoc  bsr msr lt, maxlag(10)
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long-term interest rate change are displayed as following: 
Figure 20 ARCH test for short-term rate  
The p values of both the independent variables and the lags in the two models are 
approximately to zero, which indicates the significant explanatory power of them in 
determining the variation of the dependent variable 
The ARCH (8) model with short-term interest rate could be written as: H?H?ൌ െ ?Ǥ ? ? ? ? ? ?൅  ?Ǥ ? ? ? ?H?H?൅  ?Ǥ ? ? ? ? ? ? ൅ ɂH? 
İH? ?ሺ ?ǡıH?H?ሻ 
ıH?H?ൌ  ?Ǥ ? ? ? ? ? ? ?൅  ?Ǥ ? ? ? ?İH?H?H?H? ൅  ?Ǥ ? ? ? ?İH?H?H?H? ൅  ?Ǥ ? ? ? ?İH?H?H?H? ൅  ?Ǥ ? ? ? ?İH?H?H?H? ൅  ?Ǥ ? ? ? ?İH?H?H?H?൅  ?Ǥ ? ? ? ?İH?H?H?H? ൅  ?Ǥ ? ? ? ?İH?H?H?H? ൅  ?Ǥ ? ? ? ?İH?H?H?H?  
The ARCH test result for the short-term rate still indicates a positive relationship between the 
dependent variables and the independent variables. The bank stock return is highly sensitivity 
to both market stock return and short-term interest rate. In addition, the lagged terms suggest 
that he conditional disturbance variance depends on the squared value of disturbance in last 
time period and each of the previous terms has positive impact on the conditional disturbance 
variance.  
                                                                              
       _cons     .0000118   1.66e-06     7.09   0.000     8.53e-06     .000015
              
         L8.     .0774493   .0263538     2.94   0.003     .0257967    .1291018
         L7.     .0664716   .0228978     2.90   0.004     .0215927    .1113505
         L6.     .0482345   .0191036     2.52   0.012     .0107922    .0856768
         L5.     .0848152   .0204643     4.14   0.000      .044706    .1249244
         L4.     .0411802   .0240562     1.71   0.087     -.005969    .0883294
         L3.     .9125453   .0585263    15.59   0.000     .7978359    1.027255
         L2.     .1309992   .0249223     5.26   0.000     .0821523    .1798461
         L1.     .2656425   .0423818     6.27   0.000     .1825758    .3487093
        arch  
ARCH          
                                                                              
       _cons     -.000945    .000137    -6.90   0.000    -.0012135   -.0006765
          st      .007284   .0010674     6.82   0.000      .005192    .0093761
         msr     1.337724    .012981   103.05   0.000     1.312282    1.363166
bsr           
                                                                              
         bsr        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  7006.935                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =  11022.47





Figure 21 ARCH tests for long -term rate  
The above figure gives out the result of ARCH (2) test with long-term interest rate change.  
The ARCH (2) model can be expressed as: H?H?ൌ െ ?Ǥ ? ? ? ? ? ? ? ൅  ?Ǥ ? ? ? ? ? ?H?H?െ  ?Ǥ ? ? ? ? ? ൅ ɂH? 
İH? ?ሺ ?ǡıH?H?ሻ 
ıH?H?ൌ  ?Ǥ ? ? ? ? ? ? ? ൅  ?Ǥ ? ? ? ? ? ?İH?H?H?H? ൅  ?Ǥ ? ? ? ? ? ?İH?H?H?H?  
Similar to the short-term rate model, the zero p value of each explanatory variables still 
indicate a strong bank stock return sensitivity to the market index and long-term rate change. 
 
 However, the ARCH (2) tests found a negative relationship between the bank stock return 
and the long-term interest rate change. In detail, if the change of long-term interest rate 
increases by one unit, the bank stock return will decrease by 0.024503, ceteris paribus. The 
conditional disturbance variance in this model is still positively affected by the previous 
squared disturbance. 
To test whether the ARCH model is efficiently solve the problem of  heteroskedasticity and 
autocorrelation, the residuals from ARCH model will be estimated to find whether the ARCH 
would fit better for data. 
                                                                              
       _cons     .0000334   1.48e-06    22.54   0.000     .0000305    .0000363
              
         L2.      .283314   .0367371     7.71   0.000     .2113107    .3553174
         L1.     1.696525   .0566618    29.94   0.000      1.58547     1.80758
        arch  
ARCH          
                                                                              
       _cons     .0007624   .0001001     7.62   0.000     .0005662    .0009585
          lt    -.0247503   .0077692    -3.19   0.001    -.0399776    -.009523
         msr     1.246799   .0077386   161.11   0.000     1.231631    1.261966
bsr           
                                                                              
         bsr        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  6828.475                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =  38969.65





Figure 22 Partial autocorrelation tests for the short-term ARCH residual  
 
Figure 23 the histogram of residual are within the 95% confidence interval.  
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ARCH (8). The zt is defined as the residuals by using ARCH model in Stata. It could be 
drawn from the figure that the residuals do not display a significant autocorrelation from lag1 
to lag 40 since the majority of the residuals do not exceed 95% confidence interval. The 
historgram of the residual shows that they are likely to follow the normal distribution but it 
skews a little to the right.  
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Figure 25 The histogram of residual using long-term rate  
 
The similar result could be estimated by using the same test on residuals from the ARCH(2) 
model with long term interest rate change. The residuals of ARCH model also show no 
autocorrelation and are almost normal distributed.  
Since the residuals are relative normal distributed and have no partial autocorrelation, the 
ARCH model has corrected the heteroskedasticity and autocorrelation to some extent. 
4.5 The GARCH model.  
The GARCH model aims to make up a deficiency of the ARCH model and the simple 
















Figure 26 Garch (1, 1) for short-term rate model  
Figure 27 Garch (1,1) for long-term rate model 
The GARCH(1,1) result for the model with short-term interest rate change suggests that the 
variation of the bank stock returns can be largely explained by independent variables and the 
conditional disturbance variance can also explained by the previous value of squared 
disturbance and previous value of itself due to the zero p value for each coefficient. The 
GARCH model with the short-term rate thus could be written as: H?H?ൌ  ?Ǥ ? ? ? ? ? ? ൅  ?Ǥ ?  ? ?H?H?൅  ?Ǥ ? ? ? ? ? ? ? ൅ ɂH? 
İH? ?ሺ ?ǡıH?H?ሻ 
ıH?H?ൌ  ?Ǥ ? ? ? ? ? ? ? ? ൅  ?Ǥ ? ? ? ? ?İH?H?H?H? ൅  ?Ǥ ? ? ? ?ıH?H?H?H?  
Compared with the ARCH result, the market stock return and short-term interest rate change 
                                                                              
       _cons     5.43e-06   9.39e-07     5.78   0.000     3.59e-06    7.27e-06
              
         L1.     .5314016    .021491    24.73   0.000     .4892801    .5735231
       garch  
              
         L1.     .8210395   .0535109    15.34   0.000       .71616     .925919
        arch  
ARCH          
                                                                              
       _cons     .0000829   .0001341     0.62   0.536    -.0001799    .0003458
          st     .0097063    .000945    10.27   0.000     .0078541    .0115585
         msr     1.356371    .013579    99.89   0.000     1.329757    1.382986
bsr           
                                                                              
         bsr        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =   6923.35                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =  10336.75
Sample: 1 - 2247                                   Number of obs   =      2247
ARCH family regression
                                                                              
       _cons     5.75e-06   9.35e-07     6.15   0.000     3.91e-06    7.58e-06
              
         L1.      .524858   .0197136    26.62   0.000     .4862201    .5634959
       garch  
              
         L1.     .8379529   .0472817    17.72   0.000     .7452824    .9306234
        arch  
ARCH          
                                                                              
       _cons     .0001191   .0001383     0.86   0.389     -.000152    .0003903
          lt    -.0099327   .0103254    -0.96   0.336    -.0301702    .0103047
         msr     1.357958   .0129992   104.46   0.000      1.33248    1.383436
bsr           
                                                                              
         bsr        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  6920.632                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =  13152.42




are still estimated to have a positive impact on the bank stock return. The conditional 
disturbance variance is positive related to both the squared disturbance term and its previous 
value.  
Figure 27 indicates the strong sensitivity of banks stock return to the market index and the 
long-term interest rate, and it is also negative related to the long-term rate changes. The result 
is just as that from the ARCH model. Accordingly, the conditional disturbance variance is 
positively influenced by the squared error term and its previous terms as well. However, the p 
value for the long-term interest rate change in GARCH model is high, which suggested that 
the explanatory power of the long-term interest rate change to the bank stock return is not 
strong enough. 
The efficiency of GARCH model could still be estimated by focus on the residuals.  
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Figure 29  The histogram of residual using short-term rate 
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Figure 31 The histogram of residual using long-term rate 
 
Focusing on the graph of GARCH (1,1) for both models, the residuals from both model 
appear to have less autocorrelation. The histogram for the model with short-term seems more 
approximate to the normal distribution since that for the model with long-term skews to the 
left.  
To conclude, the ARCH and GARCH model help correct the problem from heteroskedasticity 
and autocorrelation to some extent and come up with a better residual than simply using OLS 
regression. Moreover, based on the result from ARCH test and GARCH test, the long-term 
interest rate change no longer have a positive relationship with bank stock return, but have a 
negative impact on it.  
4.6 The different impact from short-term and long-term interest rate on the bank stock 
return. 
Since the previous estimation focus impact of interest rate change on the bank stock return on 
















from the interest rate change would be different if the bank size differs. 
The bank size is classified based on the total asset at end of year 2010. The 47 banks collected 
are classified into three groups, that is, the banks with total asset above 100,000,000 dollars 
DUH FODVVLILHG LQWR ³ODUJH´ JURXS WKH RQHV ZLWK DVVHW EHWZHHQ 10,000,000 dollar to 
 LV FODVVLILHG LQWR ³PLGGOH´ JURXS DQG WKH UHVW RQHV ZLWK WRWDO DVVHW EHWZHHQ
WRDUHFRQVLGHUHGLQWKH³VPDOO´JURXS  
7KHWKUHHJURXSRIEDQNVWRFNUHWXUQ¶VUHODWLRQVKLSZLWKPDUNHWVWRFNUHWXUQDQGLQWerest rate 
change will be estimated by OLS regression, ARCH model and GARCH respectively and the 
result would be explained with comparison.  
4.6.1 Small  size group 
The small group bank stock return are under the first consideration. In the regression result, 
the bsr_s, msr_ s, st_s and lt_s represents the bank stock return , market stock return, 
short-term interest rate change and long-WHUP UDWH FKDQJH VHSHUDWHO\ 7KH ODVW OHWWHU ³V´
represents the small group. Similarly, the varialbes in the following estimation on the middle 
DQGODUJHJURXSZLOOHQGVZLWKOHWWHU³P´DQG³O´  
Figure 32 Regression for small group with short-term rate  
 
 
                                                                              
       _cons      .000228   .0007878     0.29   0.772    -.0013168    .0017728
        st_s     .0023059   .0052626     0.44   0.661    -.0080142     .012626
       msr_s     .9723979   .0573529    16.95   0.000     .8599277    1.084868
                                                                              
       bsr_s        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              
       Total    3.53969838  2246  .001576001           Root MSE      =  .03734
                                                       Adj R-squared =  0.1153
    Residual    3.12879111  2244  .001394292           R-squared     =  0.1161
       Model    .410907276     2  .205453638           Prob > F      =  0.0000
                                                       F(  2,  2244) =  147.35
      Source         SS       df       MS              Number of obs =    2247
. reg bsr_s msr_s st_s
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Figure 33 ARCH  for small group with short-term rate 
Figure 34GARCH for small group with short-term rate 
The OLS estimation on the model with short term rate change shows that the whole model 
can only explain the 11.61% change of the bank stock return.  Moreover, the high p value of 
the short-term rate change suggests the low bank stock sensitivity to the interest rate change. 
After LM test and select the order of lag (see the table in Appendix), the existence of ARCH 
effect and suggestion of the by the information criterion, an ARCH (4) model and GARCH (1, 
1) model is applied. Although both models suggest the significance of the explanatory power 
from short-term rate effect, the direction of the impact differs. The divergence will be 
explained in the following part.  
                                                                              
       _cons       .00002   1.88e-06    10.64   0.000     .0000163    .0000237
              
         L4.     .0728728   .0206896     3.52   0.000     .0323219    .1134237
         L3.       .10161   .0248871     4.08   0.000     .0528322    .1503878
         L2.     .1922916   .0322658     5.96   0.000     .1290518    .2555313
         L1.      6.02798    .138406    43.55   0.000     5.756709     6.29925
        arch  
ARCH          
                                                                              
       _cons     .0017065   .0000941    18.13   0.000     .0015219     .001891
        st_s    -.0050439   .0014827    -3.40   0.001      -.00795   -.0021378
       msr_s      1.31042    .008185   160.10   0.000     1.294378    1.326462
bsr_s         
                                                                              
       bsr_s        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  5948.749                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =  25632.50
Sample: 1 - 2247                                   Number of obs   =      2247
ARCH family regression
                                                                              
       _cons     1.23e-06   1.99e-07     6.18   0.000     8.37e-07    1.62e-06
              
         L1.     .9401576   .0033151   283.60   0.000     .9336601     .946655
       garch  
              
         L1.     .0566151    .003752    15.09   0.000     .0492613    .0639688
        arch  
ARCH          
                                                                              
       _cons    -.0002272   .0002617    -0.87   0.385    -.0007402    .0002858
        st_m     .0073716   .0023046     3.20   0.001     .0028546    .0118886
       msr_m     .9560613   .0235416    40.61   0.000     .9099206    1.002202
bsr_m         
                                                                              
       bsr_m        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  6255.055                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =   1654.12




Figure 35 Regression for small group with long-term rate 
Figure 36 ARCH for small group with long-term rate 
Figure 37 G ARCH for small group with long-term rate 
 
The OLS regression on the small size bank with long term value also shows a 11.64% 
                                                                              
       _cons     .0002354   .0007877     0.30   0.765    -.0013093      .00178
        lt_s     .0567229   .0589365     0.96   0.336    -.0588528    .1722987
       msr_s      .957215   .0600034    15.95   0.000     .8395471    1.074883
                                                                              
       bsr_s        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              
       Total    3.53969838  2246  .001576001           Root MSE      =  .03733
                                                       Adj R-squared =  0.1156
    Residual    3.12776771  2244  .001393836           R-squared     =  0.1164
       Model    .411930678     2  .205965339           Prob > F      =  0.0000
                                                       F(  2,  2244) =  147.77
      Source         SS       df       MS              Number of obs =    2247
. reg bsr_s msr_s lt_s
                                                                              
       _cons     .0000172   2.00e-06     8.58   0.000     .0000133    .0000211
              
         L4.     .0810664   .0208639     3.89   0.000     .0401739    .1219589
         L3.     .1272357   .0267831     4.75   0.000     .0747417    .1797297
         L2.     .2358311   .0355248     6.64   0.000     .1662038    .3054584
         L1.       5.9293   .1360188    43.59   0.000     5.662708    6.195892
        arch  
ARCH          
                                                                              
       _cons     .0016849   .0000986    17.08   0.000     .0014916    .0018782
        lt_s     .0352609   .0070027     5.04   0.000     .0215358    .0489859
       msr_s     1.306363   .0085985   151.93   0.000     1.289511    1.323216
bsr_s         
                                                                              
       bsr_s        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  5944.883                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =  26695.17
Sample: 1 - 2247                                   Number of obs   =      2247
ARCH family regression
                                                                              
       _cons    -3.52e-06   5.75e-07    -6.11   0.000    -4.65e-06   -2.39e-06
              
         L1.     .6507466   .0162001    40.17   0.000      .618995    .6824982
       garch  
              
         L1.     1.745604   .1514714    11.52   0.000     1.448726    2.042483
        arch  
ARCH          
                                                                              
       _cons     .0009896   .0002212     4.47   0.000     .0005561     .001423
        lt_s    -.1531563   .0158139    -9.68   0.000     -.184151   -.1221616
       msr_s     .1043114    .024551     4.25   0.000     .0561922    .1524305
bsr_s         
                                                                              
       bsr_s        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  5257.697                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =    109.63




volatility of the bank stock return could be explained by the whole model. The high p value of 
the long-term rate change also indicates the low bank stock return sensitivity to it.  LM test 
suggested a ARCH effect existence and ARCH(4),GARCH(1,1) model is also used. Using 
GARCH model , the explanatory power of market index and  long-term rate are both keep 
strong, however, the one unit increase of  market stock return is estimated to increase the 
bank stock return less than using other two methods. 
4.6.2 Middle size group. 
Figure 38 Regression for middle group with short-term rate 
 
 
Figure 39 ARCH for middle group with short-term rate 
 
                                                                              
       _cons    -.0006461   .0004216    -1.53   0.126    -.0014729    .0001807
        st_m     .0057971   .0028167     2.06   0.040     .0002735    .0113207
       msr_m     1.140302   .0306968    37.15   0.000     1.080105    1.200499
                                                                              
       bsr_m        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              
       Total    1.46706885  2246  .000653192           Root MSE      =  .01999
                                                       Adj R-squared =  0.3885
    Residual    .896298016  2244   .00039942           R-squared     =  0.3891
       Model    .570770837     2  .285385418           Prob > F      =  0.0000
                                                       F(  2,  2244) =  714.50
      Source         SS       df       MS              Number of obs =    2247
. reg bsr_m msr_m st_m
                                                                              
       _cons     .0001049   4.01e-06    26.18   0.000     .0000971    .0001128
              
         L3.     .2715859   .0203775    13.33   0.000     .2316466    .3115251
         L2.     .2468789   .0247015     9.99   0.000     .1984648     .295293
         L1.     .4016792   .0275212    14.60   0.000     .3477386    .4556198
        arch  
ARCH          
                                                                              
       _cons    -.0003909   .0002427    -1.61   0.107    -.0008665    .0000848
        st_m    -.0073341   .0007644    -9.59   0.000    -.0088324   -.0058359
       msr_m     1.054576   .0145778    72.34   0.000     1.026004    1.083148
bsr_m         
                                                                              
       bsr_m        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  6023.226                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =   6607.48




Figure 40 GARCH for middle group with short-term rate 
 
The regression on the middle size bank with short-term rate shows that whole model could 
explain 38.91 %   volatility of bank stock return, which is higher than that for the small size 
bank return. Using ARCH (3) GARCH (1, 1) model, the low p value for both market index 
and the short-term rate change indicate the strong explanatory power from both independent 
variables.  Unlike what found for the small size banks, the middle sized banks stock return 
seem s more sensitivity to the interest rate change.  
Middle LONG: 
Figure 41 Regression for middle group with long-term rate 
 
       _cons     1.23e-06   1.99e-07     6.18   0.000     8.37e-07    1.62e-06
              
         L1.     .9401576   .0033151   283.60   0.000     .9336601     .946655
       garch  
              
         L1.     .0566151    .003752    15.09   0.000     .0492613    .0639688
        arch  
ARCH          
                                                                              
       _cons    -.0002272   .0002617    -0.87   0.385    -.0007402    .0002858
        st_m     .0073716   .0023046     3.20   0.001     .0028546    .0118886
       msr_m     .9560613   .0235416    40.61   0.000     .9099206    1.002202
bsr_m         
                                                                              
       bsr_m        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  6255.055                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =   1654.12
Sample: 1 - 2247                                   Number of obs   =      2247
ARCH family regression
                                                                              
       _cons    -.0006488    .000422    -1.54   0.124    -.0014763    .0001788
        lt_m     .0222386   .0315758     0.70   0.481    -.0396823    .0841595
       msr_m     1.141365   .0321474    35.50   0.000     1.078323    1.204406
                                                                              
       bsr_m        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              
       Total    1.46706885  2246  .000653192           Root MSE      =     .02
                                                       Adj R-squared =  0.3875
    Residual    .897791479  2244  .000400085           R-squared     =  0.3880
       Model    .569277374     2  .284638687           Prob > F      =  0.0000
                                                       F(  2,  2244) =  711.44
      Source         SS       df       MS              Number of obs =    2247
. reg bsr_m msr_m lt_m
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Figure 42 ARCH for middle group with long-term rate 
 
Figure 43 GARCH for middle group with long-term rate 
 
Base on the estimation result on the middle size bank return sensitivity to the long term return. 
The OLS regression also shows about 38%   explanatory power from the whole model. 
However, the high p value from the regression result may suggest the low bank stock return is 
sensitivity to long-term rate changes. However, the ARCH (3) and GARCH (1, 1) indicates 
the significant negative impact from the long-term rate.  
                                                                              
       _cons     .0001002   4.09e-06    24.49   0.000     .0000922    .0001082
              
         L3.     .2775937   .0211118    13.15   0.000     .2362153    .3189721
         L2.      .303984   .0231002    13.16   0.000     .2587084    .3492597
         L1.     .3679493   .0267567    13.75   0.000      .315507    .4203915
        arch  
ARCH          
                                                                              
       _cons    -.0003629    .000233    -1.56   0.119    -.0008196    .0000938
        lt_m    -.0728597   .0121317    -6.01   0.000    -.0966374   -.0490819
       msr_m     1.118721   .0117881    94.90   0.000     1.095617    1.141825
bsr_m         
                                                                              
       bsr_m        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  6022.864                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =   9814.95
Sample: 1 - 2247                                   Number of obs   =      2247
ARCH family regression
                                                                              
       _cons     1.20e-06   1.99e-07     6.03   0.000     8.12e-07    1.59e-06
              
         L1.     .9403906   .0032677   287.78   0.000      .933986    .9467952
       garch  
              
         L1.     .0565777   .0037133    15.24   0.000     .0492998    .0638556
        arch  
ARCH          
                                                                              
       _cons    -.0002179   .0002612    -0.83   0.404    -.0007299    .0002942
        lt_m    -.0327409   .0210935    -1.55   0.121    -.0740835    .0086017
       msr_m     .9669144   .0250911    38.54   0.000     .9177367    1.016092
bsr_m         
                                                                              
       bsr_m        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  6254.786                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =   1607.28




4.6.3 The large size group 
Figure 44 regressions for large group with short-term rate 
 
Figure 45 ARCH for large group with short-term rate 
 
                                                                              
       _cons    -.0001685    .000385    -0.44   0.662    -.0009234    .0005865
        st_l     .0114781    .002572     4.46   0.000     .0064345    .0165218
       msr_l      1.25216   .0280296    44.67   0.000     1.197193    1.307126
                                                                              
       bsr_l        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              
       Total    1.44813939  2246  .000644764           Root MSE      =  .01825
                                                       Adj R-squared =  0.4835
    Residual     .74730661  2244  .000333024           R-squared     =  0.4840
       Model    .700832776     2  .350416388           Prob > F      =  0.0000
                                                       F(  2,  2244) = 1052.22
      Source         SS       df       MS              Number of obs =    2247
. reg bsr_l msr_l st_l
                                                                              
       _cons     .0000156   1.77e-06     8.82   0.000     .0000121    .0000191
              
         L8.     .0884988    .020478     4.32   0.000     .0483626    .1286349
         L7.     .0446914   .0197108     2.27   0.023     .0060588    .0833239
         L6.     .0414974   .0218334     1.90   0.057    -.0012952    .0842901
         L5.     .1359896    .029526     4.61   0.000     .0781197    .1938594
         L4.     .0048237   .0188306     0.26   0.798    -.0320835     .041731
         L3.     .0601784   .0221321     2.72   0.007     .0168003    .1035564
         L2.     .2173484   .0349125     6.23   0.000     .1489211    .2857756
         L1.     1.393956   .0699121    19.94   0.000     1.256931    1.530981
        arch  
ARCH          
                                                                              
       _cons     .0009063   .0001399     6.48   0.000     .0006321    .0011805
        st_l     .0061054   .0015829     3.86   0.000     .0030029    .0092078
       msr_l     1.236156   .0141627    87.28   0.000     1.208397    1.263914
bsr_l         
                                                                              
       bsr_l        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  6748.123                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =   7814.69




Figure 46 GARCH for large group with short-term rate 
 
Figure 47 regressions for large group with long-term rate 
 
                                                                              
       _cons     .0000113   1.05e-06    10.77   0.000     9.23e-06    .0000133
              
         L1.     .4192515   .0128766    32.56   0.000     .3940138    .4444892
       garch  
              
         L1.     1.074138   .0432043    24.86   0.000     .9894593    1.158817
        arch  
ARCH          
                                                                              
       _cons     .0008395   .0001483     5.66   0.000     .0005487    .0011302
        st_l     .0051313   .0014851     3.46   0.001     .0022206     .008042
       msr_l     1.287411   .0117751   109.33   0.000     1.264332     1.31049
bsr_l         
                                                                              
       bsr_l        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  6717.616                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =  11955.61
Sample: 2 - 2248                                   Number of obs   =      2247
ARCH family regression
                                                                              
       _cons    -.0001647   .0003858    -0.43   0.670    -.0009212    .0005919
        lt_l      .095482   .0288655     3.31   0.001     .0388761    .1520879
       msr_l     1.237493    .029388    42.11   0.000     1.179862    1.295123
                                                                              
       bsr_l        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              
       Total    1.44813939  2246  .000644764           Root MSE      =  .01829
                                                       Adj R-squared =  0.4814
    Residual    .750281002  2244   .00033435           R-squared     =  0.4819
       Model    .697858384     2  .348929192           Prob > F      =  0.0000
                                                       F(  2,  2244) = 1043.61
      Source         SS       df       MS              Number of obs =    2247
. reg  bsr_l msr_l lt_l
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Figure 48 ARCH for large group with long-term rate 
 
Figure 49 ARCH for large group with long-term rate 
 
Firstly, the OLS regression results of the model with the short-term rate change and the 
long-term rate change are both suggested that they can explain nearly half variation of the 
bank stock return. It seems that the explanatory power from the model increase along with the 
                                                                              
       _cons     .0000262   3.35e-06     7.82   0.000     .0000197    .0000328
              
         L8.    -.0007777    .010285    -0.08   0.940    -.0209358    .0193805
         L7.     .0713261   .0194922     3.66   0.000     .0331221      .10953
         L6.     .0567736    .019841     2.86   0.004     .0178858    .0956613
         L5.     .0219277   .0203206     1.08   0.281       -.0179    .0617554
         L4.     .0552117   .0148328     3.72   0.000     .0261398    .0842835
         L3.     .1238291   .0185243     6.68   0.000     .0875223     .160136
         L2.     .8054397   .0366348    21.99   0.000     .7336368    .8772425
         L1.     .4673597   .0386092    12.10   0.000      .391687    .5430324
        arch  
ARCH          
                                                                              
       _cons     .0004205   .0001849     2.27   0.023     .0000582    .0007828
              
         D1.     .0365786   .0124985     2.93   0.003     .0120821    .0610752
        lt_l  
              
         D1.     1.310176   .0109996   119.11   0.000     1.288617    1.331735
       msr_l  
bsr_l         
                                                                              
     D.bsr_l        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  6111.184                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =  21375.90
Sample: 3 - 2248                                   Number of obs   =      2246
ARCH family regression
                                                                              
       _cons     .0000117   1.90e-06     6.17   0.000     8.01e-06    .0000155
              
         L1.     .5471639   .0227679    24.03   0.000     .5025397    .5917881
       garch  
              
         L1.     .7111345   .0520822    13.65   0.000     .6090552    .8132138
        arch  
ARCH          
                                                                              
       _cons     .0003959   .0001923     2.06   0.040      .000019    .0007729
              
         D1.     .0622865   .0136313     4.57   0.000     .0355697    .0890033
        lt_l  
              
         D1.     1.357765   .0116178   116.87   0.000     1.334994    1.380535
       msr_l  
bsr_l         
                                                                              
     D.bsr_l        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                               OPG
                                                                              
Log likelihood =  6044.865                         Prob > chi2     =    0.0000
Distribution: Gaussian                             Wald chi2(2)    =  18030.95




banks size. Then, the low values of each methods also tell that both short-term and long-term 
interest rate is positive significantly related to the large-sized bank stock return.Unlike the 
previous study, the influence from the long-term interest rate change on large-sized bank 
stock return is no longer negative. In other words, the increase of the long-term rate change 
will increase the large size bank return as well.  
Chapter 5 Findings and Discussion 
5.1 Overview 
This chapter tries to analyze and summarize the results presented in Chapter 4. Firstly, the 
findings of the relationship between explanatory variables and bank stock return will be 
explained for the whole U.S stock market. The findings will be elaborated along with some 
explanation. Secondly, the different influences from the interest rate on the banks that varying 
size will be discussed in details. After that, the usefulness of this study in the real society will 
be stated and evaluated. Additionally, since this study only focus on the bank stock market in 
the U.S., the result drawn from it may be restrictive so it is not applicable for the bank stock 
market in other countries. Thus the limitation and the improvement of the study will be 
analysed.   
5.2 The Findings on the whole bank stock market. 
Starting with the OLS estimation methods, the two-factor model are used for the bank stocks 
exchanged at NYSE to explore whether the bank stock return expresses interest rate 
sensitivity.  Using 3-month Treasury bill rate as the proxy of short-term interest rate and 
10-year Treasury bill rate as the long-term interest rate, the OLS regression results display 
that the bank stock return are jointly sensitivity to both short-term rate change and long-term 
rate change. Zero p value for short-term ones and 0.009 p value for long-term rate manifest 
the strong relationship. The market stock return is also determined to have significant impact 
on the bank stock return. In addition, the positive sign for each coefficient indicate positive 
relationship between bank stock return and these three explanatory variables. Moreover, the 
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0.5159 and 0.5147 value of R square determines that more than half of the bank stock return 
change could be explained by the model with short term rate or the model with long term rate.  
With the increasing studies on this area and the development of the researches, the OLS 
method is no longer regarded as the only efficient and appropriate methods to estimate this 
relationship. Due to the volatility clustering, heteroskedasticity and autocorrelation in the high 
frequency time series data, the OLS estimation would not generate the efficient estimation 
result (Baillie and Bollerslev, 1989) Since the data used in this study are all time series data 
that change frequently over time, the statistic inference from OLS estimation is thought to be 
non-reliable if the data contains the above properties. 
To correct for the ARCH effect and account for conditional volatility, increasing studies use 
ARCH or GARCH model in order to get more efficient and accurate estimation result. 
Applying the ARCH methods and GARCH methods on the collected data, the market return 
are still tested to have positive impact on the bank stock return. However, the short-term rate 
change and long-term rate change exhibits the opposite impact on the bank stock return. 
Depending on the ARCH and GARCH test result, the short-term rate change is considered to 
have highly significant positive influences on the bank stock return. On the contrary, the 
increase in long-term interest rate change seems to reduce the bank stock return. In other 
words, there exists negative relationship between them. The Figure  in the chapter 2 shows 
that the short-term interest rate seems more volatile than the long-term rate during the selected 
time period. According to Broussard (2003), the short-term rate impact on the bank stock 
return is more like a volatility impact. So the short-term rate change influences the banks by 
the change in the interest rate volatility. Because the interest rate volatility will enhance the 
bank stock value, it seems to have positive impact on the bank stock return. In contrast, 
long-term rate changes is thought to influence the bank stock return by the yield curve slop, 
which is a good indicator of future economic activities, but not the interest rate volatility 
anymore. As a result, the bank stock return is considered to have negative relationship with 
the long interest rate change owing to the mismatch of the bank asset duration (ibid)  
 68 
 
Since the partial autocorrelation test, histogram for the ARCH and GARCH(1,1)  residuals 
confirm that the residuals produced by the those model is more likely to be normal distributed, 
it could be concluded that the ARCH and GARCH(1,1)is better fit for the data used and the 
result from them is more reliable.  
To sum up, the return of bank stocks exchanged in the U.S stock market are jointly sensitivity 
to the  market stock return, short-term rate change and long-term rate change. Since the 
short-term rate and long-term rate influence the bank stock return in different ways, they 
would have opposite but both significant impact on it.  
5.3 The Findings of the influence on the different size bank 
The fist findings of the interest rate effect on the bank varying size is that both short-term rate 
and long-term rate change will have different impact on the bank stock return across the 
different size bank. The R squares from OLS estimation tells that, the models with short-term 
or long-term interest rate change could explain about 11% changes of the small size bank 
stock, 38% volatility of the return for middle sized banks return and about 48% volatility of 
the large size bank return. It seems that the interest rate have incremental impact on the bank 
return when the bank size change from small to large. This finding is consistent with what 
found by Verma and Jackson, who also drawing the conclusion by investigating in U.S banks. 
Some studies owing this finding to the capital structure of the banks.  The large banks are 
considered to have higher proportion of fee income while the smaller ones may have large 
part of the asset in long-term investment. Consequently, the long-term interest rate may have 
greater impact on the larger banks than on the smaller banks (ibid). In addition, others point 
out that the large bank may have great proportion of its operation in the foreign countries, 
both interest rate and exchange rate will have substantial impact on the cost and revenue of 
those banks since the protection on the interest rate risk from hedge is limited. So that the 




The further findings based on ARCH and GARCH model suggest a significant relationship 
between return from different size bank stock portfolio and the interest rate risk. Nevertheless, 
WKHVLJQRIWKHUHODWLRQVKLSGLIIHUV  7KHVDPHILQGLQJZDVDOVRJRWE\-RVHSKDQG9H]RV¶
UHVHDUFKRQWKH86EDQNVWRFNUHWXUQDQG%DOOHVWHUHWDO¶VUHVHDUFKHVRQWKH6SDQLsh stock 
market.  According to Joseph and Vezos (2006), the different sign of the coefficient might be 
caused by the degree of exposure in interest related debt. While Ballester thought that the 
ambiguity should be owing to the particular portfolio considered. In this research, although 
the bank stock trades in the US, but the banks are from different countries, we should not only 
consider the impact from the U.S. market, but also the local market of the bank. Additionally, 
the local monetary policy and the EDQNV¶RZQFKDUDFWHULVWLFVKRXOGEHWDNHQLQWRFRQVLGHUDWLRQ
in order to get a comprehensive explanation. Although there exist several literature about this 
issue, the different result and controversy on the argument make it difficult to achieve a 
uniform conclusion on this issue.  
5.4 The practical implication 
Recently, the  research focus on the interest rate risk on the value of financial institution 
increases due to the substantial increase of interest rate variation on financial markets, its 
effect on WKH ILQDQFLDO LQVWLWXWLRQ¶V UHYHQXHV DQG FRVW DQG WKH QHZ UHJXODWLRQ DERXW WKH
minimum capital requirements to hedge the bank risk. The knowledge about the impact of 
interest rate change on bank stock return becomes important not only for the bank manager, 
investors but also for the risk management strategies researches. 
The interest rate change is considered to have direct effect on the revenue and cost of the 
banks. According to Verma and Jackson (2007), the change of the interest rate may influence 
the EDQNVWRFNUHWXUQE\WKHIROORZLQJZD\V)LUVWO\WKHEDQNV¶VXSSO\RIGHSRVLWDQGGHPDQG
for loans are responsive to the interest rate change (Flannery, 1981). Secondly, if the bank has 
high tendency to take part in the security trading, their performance will be greatly improved.  
Firstly, this study found out the bank stock return is significantly sensitivity to both the market 
stock return change and interest rate change.  This finding implies that the bank stock return 
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could be expected to some extent if considering affecting from both market stock index and 
interest rate changes. In other words, the investors would reduce the bank stock risk by 
catching the volatility of the influential factors. In most situations, the long-term return is 
estimated to have a negative impact on the bank stock return while the direction of the impact 
from the short-term one is opposite. The banks stock return is sensitive to the short-term rate 
change due to the interest-rate exposure of them. Additionally, the short-term interest rate is 
also considered to have high volatility and affects the bank stock return through the interest 
rate volatility. Knowing the property of the short-term interest rate will have important 
implication to the investors and bank managers. The investors could choose to invest in 
DOWHUQDWLYH WR UHGXFH WKH LQIOXHQFH IURP WKH VKRFN 7KH EDQN PDQDJHU FDQ OLPLW WKH EDQNV¶
interest rate exposure by several methods, for instance, taking position in derivative market or 
managing the duration gap (Elyasiani and Mansur 2004).  A research on the Greek banks 
found them facing with interest rate exposure due to the lack of the derivative market. 
(Ballester, et al, 2009)  
The further finding suggests the interest rate changes affect varies among different size of the 
banks. Many empirical researchers found that the inconsistent effect from interest rate on the 
banks varying size could due to many influence factors. The nationality of the financial 
institution, the proportion of loans and assets and some relevant financial ratios are all 
regarded to affect the influence from the interest rate change. When dealing with interest rate 
change effects on different financial institution, one should examine it carefully and 
comprehensively with the consideration of all the possible factors. However, it is hard to get a 
uniform conclusion since those factors varies across bank, countries and different market. As 
DUHVXOWWKHLQYHVWRUVRUWKHEDQNPDQDJHUVVKRXOGEHFDUHIXODERXWEDQN¶VVSHFLILF
characteristic, particular economic determinants in different countries, the different monetary 




5.5 The limitation of the researches 
Although the research comes up with some similar result with previous studies, there exist 
some limitations. Firstly, the data used are collected from the US stock market, which is well 
developed and much more mature than that in other developing countries. As a result, the 
estimating result could not represent the relationship between bank stock return and interest 
rate changes for all the stock market and the situation may differs across regions.  
In addition, since this research focus on the influence from interest rate changes on the bank 
stock return, only two independent variables are used. In fact, the bank stock return is 
influenced by many factors like exchange rate or other financial factors. Using more 
explanatory variables may increase the accuracy and efficient of the estimation result.  
Moreover, although ARCH and GARCH model are designed to correct the heteroskedasticiy 
and autocorrelation problems that exist in time series data, they are still not the perfect model. 
The ARCH model offers only two methods to define the behavior of the conditional variance 
and provides no new insights of how the variation of time series comes about.  In addition, it 
may considered to overestimate the volatility since its respond to large isolated shocks is slow 
Moreover, this model required large number of parameters so it is not suitable to test the 
small sample size data.  
Chapter 6 Conclusion 
This study estimates the influence from the interest rate on the bank stock return on the U.S 
stock market. To get an efficient study result, this study take care about both data collection 
and methodology applied. More than two thousand daily bank stock prices from 47 banks 
exchanged in NYSE are used.  The data with high frequency and large amounts not only 
contain more information needed for the research, but also discharges some disturbance that 
may influence the original result. Additionally, in order to get more reliable statistic inference , 
the data are estimated by OLS estimator, ARCH methods and GARC(1,1) method. Moreover, 
the banks are classified into three groups due to the total asset and long ±term and short-term 
are tested separately in order to get further findings on this study area. 
The findings from OLS seem different from what obtained from ARCH and GARCH model 
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for the long-term rate interest. This difference indicates degree of exposure in the 
interest-related debt.  For the whole stock market, the short-term interest rate is found to 
have positive impact on the bank stock return while the long-term are found to have adverse 
impact. The different impacts is due to the different ways of long-term and short-term interest 
rate influence the bank stock return.  Classified the bank into three size groups, the result 
shows that impacts from two factor models will increase along when the bank size increase. 
Further findings suggest a mix of positive and negative sign from same interest rate on the 
different size bank stock return. This finding is of long discussion and no uniform conclusion 
has got for this findings.  The interest rate seems to have different impact on the bank stock 
return while the market stock return is considered to have consistent and significant and 
positive impact on the bank stock return. 
The findings of this study will have practice significance on the stock market. Knowing the 
bank stock return to the interest rate changes will inform not only investor but also the bank 
PDQDJHUV WR OLPLW WKH EDQNV¶ LQWHUHVW UDWH H[SRVXUH +RZHYHU VLQFH WKH EDQN VWRFN UDWH
changes not only due to the interest rate and whole stock market, but can also be influenced 
by the PRQHWDU\ SROLF\ EDQN¶V RZQ FKDUDFWHULVWLFV RU RWKHU ILQDQFLDO IDFWRU :KHQ GHDOLQJ
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         H0: no ARCH effects      vs.  H1: ARCH(p) disturbance
                                                                           
      20             1057.998              20                   0.0000
      19             1055.864              19                   0.0000
      18             1053.567              18                   0.0000
      17             1050.817              17                   0.0000
      16             1047.795              16                   0.0000
      15             1044.171              15                   0.0000
      14             1040.148              14                   0.0000
      13             1035.296              13                   0.0000
      12             1029.797              12                   0.0000
      11             1023.081              11                   0.0000
      10             1015.241              10                   0.0000
       9             1005.478               9                   0.0000
       8              993.698               8                   0.0000
       7              978.549               7                   0.0000
       6              959.231               6                   0.0000
       5              932.856               5                   0.0000
       4              896.201               4                   0.0000
       3              840.269               3                   0.0000
       2              747.566               2                   0.0000
       1              560.266               1                   0.0000
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
LM test for autoregressive conditional heteroskedasticity (ARCH)
. archlm, lags(1/20)
    Exogenous:  _cons
   Endogenous:  bsr_s msr_s st_s
                                                                               
    10    12314.4   15.11    9  0.088  3.6e-09  -10.9266  -10.8399  -10.6891   
     9    12306.9  10.919    9  0.281  3.6e-09  -10.9279  -10.8496  -10.7134   
     8    12301.4  27.693*   9  0.001  3.6e-09* -10.9311* -10.8611  -10.7395   
     7    12287.6  21.742    9  0.010  3.6e-09  -10.9267  -10.8652  -10.7582   
     6    12276.7  28.344    9  0.001  3.6e-09  -10.9251  -10.8719  -10.7795   
     5    12262.5   38.75    9  0.000  3.6e-09  -10.9204  -10.8757* -10.7979   
     4    12243.1  45.288    9  0.000  3.7e-09  -10.9112  -10.8748  -10.8116   
     3    12220.5  214.73    9  0.000  3.7e-09   -10.899   -10.871  -10.8224*  
     2    12113.1  349.51    9  0.000  4.0e-09   -10.811  -10.7914  -10.7574   
     1    11938.4  593.92    9  0.000  4.7e-09  -10.6628  -10.6516  -10.6322   
     0    11641.4                      6.1e-09  -10.4054  -10.4026  -10.3977   
                                                                               
   lag      LL      LR      df    p      FPE       AIC      HQIC      SBIC     
                                                                               
   Sample:  11 - 2247                           Number of obs      =      2237
   Selection-order criteria
. varsoc bsr_s msr_s st_s, maxlag(10)
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         H0: no ARCH effects      vs.  H1: ARCH(p) disturbance
                                                                           
      20             1058.085              20                   0.0000
      19             1055.950              19                   0.0000
      18             1053.653              18                   0.0000
      17             1050.903              17                   0.0000
      16             1047.878              16                   0.0000
      15             1044.251              15                   0.0000
      14             1040.224              14                   0.0000
      13             1035.369              13                   0.0000
      12             1029.868              12                   0.0000
      11             1023.149              11                   0.0000
      10             1015.304              10                   0.0000
       9             1005.535               9                   0.0000
       8              993.748               8                   0.0000
       7              978.595               7                   0.0000
       6              959.273               6                   0.0000
       5              932.893               5                   0.0000
       4              896.233               4                   0.0000
       3              840.296               3                   0.0000
       2              747.589               2                   0.0000
       1              560.275               1                   0.0000
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
LM test for autoregressive conditional heteroskedasticity (ARCH)
. archlm, lags(1/20)
    Exogenous:  _cons
   Endogenous:  bsr_s msr_s lt_s
                                                                               
    10    17559.7  6.7868    9  0.659  3.3e-11  -15.6162  -15.5294  -15.3786   
     9    17556.3  14.046    9  0.121  3.3e-11  -15.6212  -15.5428  -15.4066   
     8    17549.3  28.301*   9  0.001  3.3e-11* -15.6229*  -15.553  -15.4314   
     7    17535.1  26.108    9  0.002  3.3e-11  -15.6183  -15.5568  -15.4498   
     6      17522  24.186    9  0.004  3.3e-11  -15.6147  -15.5616  -15.4691   
     5      17510  32.998    9  0.000  3.3e-11  -15.6119  -15.5672  -15.4894   
     4    17493.5  45.467    9  0.000  3.4e-11  -15.6052  -15.5689* -15.5056   
     3    17470.7  79.109    9  0.000  3.4e-11   -15.593   -15.565  -15.5163*  
     2    17431.2  184.23    9  0.000  3.5e-11  -15.5656  -15.5461   -15.512   
     1    17339.1  579.99    9  0.000  3.8e-11  -15.4913  -15.4801  -15.4607   
     0    17049.1                      4.8e-11  -15.2401  -15.2373  -15.2324   
                                                                               
   lag      LL      LR      df    p      FPE       AIC      HQIC      SBIC     
                                                                               
   Sample:  11 - 2247                           Number of obs      =      2237
   Selection-order criteria
. varsoc bsr_s msr_s lt_s, maxlag(10)
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         H0: no ARCH effects      vs.  H1: ARCH(p) disturbance
                                                                           
      20              404.963              20                   0.0000
      19              404.861              19                   0.0000
      18              402.050              18                   0.0000
      17              362.909              17                   0.0000
      16              363.104              16                   0.0000
      15              356.445              15                   0.0000
      14              355.785              14                   0.0000
      13              354.638              13                   0.0000
      12              353.705              12                   0.0000
      11              353.631              11                   0.0000
      10              351.521              10                   0.0000
       9              346.207               9                   0.0000
       8              305.994               8                   0.0000
       7              266.909               7                   0.0000
       6              266.956               6                   0.0000
       5              244.543               5                   0.0000
       4              224.779               4                   0.0000
       3              195.742               3                   0.0000
       2              177.690               2                   0.0000
       1              124.751               1                   0.0000
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
LM test for autoregressive conditional heteroskedasticity (ARCH)
. archlm, lags(1/20)
    Exogenous:  _cons
   Endogenous:  bsr_m msr_m st_m
                                                                               
    10    13357.1  34.356*   9  0.000  1.4e-09* -11.8588* -11.7721  -11.6213   
     9    13339.9  17.254    9  0.045  1.4e-09  -11.8515  -11.7732   -11.637   
     8    13331.3  25.462    9  0.003  1.4e-09  -11.8518  -11.7819  -11.6603   
     7    13318.5  21.059    9  0.012  1.4e-09  -11.8485  -11.7869  -11.6799   
     6      13308  22.456    9  0.008  1.4e-09  -11.8471   -11.794  -11.7016   
     5    13296.8  18.106    9  0.034  1.4e-09  -11.8451  -11.8004  -11.7225   
     4    13287.7  35.639    9  0.000  1.4e-09  -11.8451  -11.8087  -11.7455   
     3    13269.9  158.52    9  0.000  1.5e-09  -11.8372  -11.8092* -11.7606*  
     2    13190.6  201.79    9  0.000  1.5e-09  -11.7744  -11.7548  -11.7207   
     1    13089.7  97.508    9  0.000  1.7e-09  -11.6922   -11.681  -11.6616   
     0      13041                      1.7e-09  -11.6567  -11.6539   -11.649   
                                                                               
   lag      LL      LR      df    p      FPE       AIC      HQIC      SBIC     
                                                                               
   Sample:  11 - 2247                           Number of obs      =      2237
   Selection-order criteria
















         H0: no ARCH effects      vs.  H1: ARCH(p) disturbance
                                                                           
      20              388.678              20                   0.0000
      19              388.183              19                   0.0000
      18              384.818              18                   0.0000
      17              346.120              17                   0.0000
      16              346.277              16                   0.0000
      15              341.277              15                   0.0000
      14              339.855              14                   0.0000
      13              338.470              13                   0.0000
      12              337.505              12                   0.0000
      11              337.459              11                   0.0000
      10              335.631              10                   0.0000
       9              330.797               9                   0.0000
       8              288.574               8                   0.0000
       7              247.290               7                   0.0000
       6              247.257               6                   0.0000
       5              225.060               5                   0.0000
       4              208.050               4                   0.0000
       3              181.277               3                   0.0000
       2              164.862               2                   0.0000
       1              115.859               1                   0.0000
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
LM test for autoregressive conditional heteroskedasticity (ARCH)
. archlm, lags(1/20)
    Exogenous:  _cons
   Endogenous:  bsr_m msr_m lt_m
                                                                               
    10    18575.3  21.679*   9  0.010  1.3e-11* -16.5242* -16.4374  -16.2867   
     9    18564.4  16.348    9  0.060  1.3e-11  -16.5225  -16.4442   -16.308   
     8    18556.3  31.534    9  0.000  1.3e-11  -16.5233  -16.4533  -16.3317   
     7    18540.5  20.122    9  0.017  1.3e-11  -16.5172  -16.4557  -16.3487   
     6    18530.4   21.34    9  0.011  1.3e-11  -16.5163  -16.4631  -16.3707   
     5    18519.8  22.528    9  0.007  1.3e-11  -16.5148    -16.47  -16.3922   
     4    18508.5   8.381    9  0.496  1.4e-11  -16.5127  -16.4764  -16.4131   
     3    18504.3   21.88    9  0.009  1.3e-11   -16.517  -16.4891  -16.4404   
     2    18493.4  23.786    9  0.005  1.3e-11  -16.5153  -16.4957  -16.4617   
     1    18481.5  70.158    9  0.000  1.4e-11  -16.5127  -16.5015* -16.4821*  
     0    18446.4                      1.4e-11  -16.4894  -16.4866  -16.4817   
                                                                               
   lag      LL      LR      df    p      FPE       AIC      HQIC      SBIC     
                                                                               
   Sample:  11 - 2247                           Number of obs      =      2237
   Selection-order criteria

















         H0: no ARCH effects      vs.  H1: ARCH(p) disturbance
                                                                           
      20              936.042              20                   0.0000
      19              936.026              19                   0.0000
      18              936.029              18                   0.0000
      17              936.007              17                   0.0000
      16              935.772              16                   0.0000
      15              935.519              15                   0.0000
      14              935.115              14                   0.0000
      13              934.394              13                   0.0000
      12              933.321              12                   0.0000
      11              931.725              11                   0.0000
      10              929.273              10                   0.0000
       9              925.580               9                   0.0000
       8              920.387               8                   0.0000
       7              912.709               7                   0.0000
       6              900.941               6                   0.0000
       5              883.332               5                   0.0000
       4              854.461               4                   0.0000
       3              807.954               3                   0.0000
       2              724.597               2                   0.0000
       1              549.137               1                   0.0000
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
LM test for autoregressive conditional heteroskedasticity (ARCH)
. archlm, lags(1/20)
    Exogenous:  _cons
   Endogenous:  bsr_l msr_l st_l
                                                                               
    10    13618.6  12.199    9  0.202  1.1e-09  -12.0926  -12.0059  -11.8551   
     9    13612.5  13.551    9  0.139  1.1e-09  -12.0952  -12.0169  -11.8807   
     8    13605.7  43.795*   9  0.000  1.1e-09* -12.0972* -12.0273  -11.9057   
     7    13583.8  12.731    9  0.175  1.1e-09  -12.0857  -12.0241  -11.9171   
     6    13577.5  24.357    9  0.004  1.1e-09   -12.088  -12.0349  -11.9425   
     5    13565.3  15.778    9  0.072  1.1e-09  -12.0852  -12.0404  -11.9626   
     4    13557.4  16.812    9  0.052  1.1e-09  -12.0862  -12.0498  -11.9866   
     3      13549  153.09    9  0.000  1.1e-09  -12.0867  -12.0588* -12.0101*  
     2    13472.5  203.31    9  0.000  1.2e-09  -12.0263  -12.0068  -11.9727   
     1    13370.8  254.25    9  0.000  1.3e-09  -11.9435  -11.9323  -11.9129   
     0    13243.7                      1.5e-09  -11.8379  -11.8351  -11.8302   
                                                                               
   lag      LL      LR      df    p      FPE       AIC      HQIC      SBIC     
                                                                               
   Sample:  12 - 2248                           Number of obs      =      2237
   Selection-order criteria













         H0: no ARCH effects      vs.  H1: ARCH(p) disturbance
                                                                           
      20              924.430              20                   0.0000
      19              924.653              19                   0.0000
      18              924.870              18                   0.0000
      17              925.040              17                   0.0000
      16              925.021              16                   0.0000
      15              924.973              15                   0.0000
      14              924.798              14                   0.0000
      13              924.344              13                   0.0000
      12              923.587              12                   0.0000
      11              922.361              11                   0.0000
      10              920.388              10                   0.0000
       9              917.282               9                   0.0000
       8              912.780               8                   0.0000
       7              905.932               7                   0.0000
       6              895.130               6                   0.0000
       5              878.549               5                   0.0000
       4              850.725               4                   0.0000
       3              805.084               3                   0.0000
       2              722.787               2                   0.0000
       1              548.169               1                   0.0000
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
LM test for autoregressive conditional heteroskedasticity (ARCH)
. archlm, lags(1/20)
    Exogenous:  _cons
   Endogenous:  bsr_l msr_l lt_l
                                                                               
    10    18854.5  5.2528    9  0.812  1.0e-11  -16.7738  -16.6871  -16.5363   
     9    18851.8  14.072    9  0.120  1.0e-11  -16.7795  -16.7011  -16.5649   
     8    18844.8  30.282*   9  0.000  1.0e-11* -16.7812* -16.7113  -16.5897   
     7    18829.7  15.801    9  0.071  1.0e-11  -16.7757  -16.7142  -16.6072   
     6    18821.8  26.606    9  0.002  1.0e-11  -16.7767  -16.7236  -16.6311   
     5    18808.5  12.749    9  0.174  1.0e-11  -16.7729  -16.7281  -16.6503   
     4    18802.1  12.102    9  0.208  1.0e-11  -16.7752  -16.7389  -16.6756   
     3      18796  16.128    9  0.064  1.0e-11  -16.7779  -16.7499  -16.7012   
     2      18788  37.989    9  0.000  1.0e-11  -16.7787  -16.7591* -16.7251   
     1      18769     245    9  0.000  1.0e-11  -16.7698  -16.7586  -16.7391*  
     0    18646.5                      1.2e-11  -16.6683  -16.6655  -16.6606   
                                                                               
   lag      LL      LR      df    p      FPE       AIC      HQIC      SBIC     
                                                                               
   Sample:  12 - 2248                           Number of obs      =      2237
   Selection-order criteria
. varsoc  bsr_l msr_l lt_l, maxlag(10)
